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INTRODUCTION

The Blackstone River Basin lies within southeastern Massachusetts and
northern Rhode Island. Due to the area's history of floods, this study
investigated the flooding and associated water resource problems in the
watershed and developed plans, acceptable to local interests that would
solve these problems.

STUDY AUTHORITY

This report is submitted in partial compliance with seven Congres-
sional resolutions, combined under one resolve adopted by the Committee on
Public Works of the United States Senate, which authorize the Pawcatuck
River and Narragansett Bay Drainage Basins (PNB) Study, including the
Blackstone River Basin. Two resolutions, one adopted 29 Mdrch 1968 and
the other 10 July 1968, requested review of the 1955 report on The
Resources of the New England - New York Region. A third resolution,
adopted 8 May 1967, requested a review of the 1965 report of the Chief of
Engineers on the Blackstone River in Massachusetts and Rhode Island and of
other pertinent reports to determine the advisability of modifying his
recommendations.

SCOPE OF THE STUDY

The PNB study area, as shown on Plate 1, is hydrologically divided
into five major watersheds, namely the Pawcatuck River (PK); the
Providence River Group (PD), which comprises subwatersheds known as the
Blackstone, Ten Mile, Seekonk, and the tr-river complex involving the
Woonasquatucket-Moshassuck-Providence Rivers; the Taunton River (TN); the
Pawtuxet River (PX); and the Narragansett Bay local drainage area (LD).

The Blackstone River Basin study explored alternative solutionb to
flood control and related water resource problems i.o the area. The most
feasible plan was selected only after consideration of all factors,
including cost and benefit estimates and comments expressed by concerned
agencies, the State of Rhode Island and local parties.

An architect-engineer firm under contract to and under the direction
of the Corps of Engineers performed a major portion of the screening
process of the study. During the study factual information on past and
potential floods was collected and developed. By using the basic data and
by appling judgment as to degree of protection needed, as well as the
probability of engineering, economic, social, and environmental feasi-
bility, individual alternatives were either recommended for further
analysis or found to be unwarranted and were eliminated.

STUDY PARTICIPANTS AND COORDINATION

The Corps of Engineers had the principal responsibility for con-
ducting and coordinating the study and the plan formulation, consolidating
information from studies of other agencies and preparing the report.
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These satdies and investigations were performed with the assistance
of the following participating agencies:

U.S. Department of Interior (Fish and Wildlife Service)
U.S. Department of Agriculture (Soil Conservation Service)
U.S. Department of Comerce (National Weather Service)
U.S. Department of Housing and Urban Development
U.S. Department of Interior (Geological Survey)

Effects of the study alternatives concerning fish and wildlife were
analyzed by the U.S. Fish and Wildlife Service.

All studies were coordinated with the appropriate agencies including
but not limited to the following:

Federal Level

U.S. Environmental Protection Agency
U.S. Department of Health, Education and Welfare (Public Health

Service)
U.S. Department of Commerce (National Marine Fisheries Service)

U.S. Department of the Interior (Heritage, Conservation and
Recreation Service)

State and Regional Level - Rhode Island

Statewide Planning Office
Historical Preservation Commission
Water Resources Board
Department of Health
Department of Natural Resources (Division of Fish and Wildlife)
Blackstone Valley Sewer District Commission

State and Regional Level - Massachusetts

Central Massachusetts Regional Planning Commission
Department of Environmental Quality Engineering (Division of

Waterways)
Department of Environmental Management (Division of Water Resources)

Local Level

City of Woonsocket, Rhode Island
City of Central Falls, Rhode Island
City of Pawtucket, Rhode Island
Town of Cumberland, Rhode Island
Town of Lincoln, Rhode Island
Cumberland, Rhode Island Conservation Commission
Lincoln, Rhode Island Conservation Commission
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Private Groups

Audubon Society
Cumberland Preservation Society
Blackstone River Watershed Association
Sierra Club
Pawtucket - Blackstone Valley Chamber of Commerce
Canal, Inc.

Coordination procedures included informal meetings to discuss
alternative plans considered or to be considered, review of and comments
on a preliminary draft environmental assessment and participation in formal
public meetings.

Initial public meetings were held in Providence, Rhode Island and in
Uxbridge, Massachusetts to solicit people's views prior to the start of
the PNB Study. Numerous meetings were later held with appropriate Federal
and State agencies and with local officials and citizens of the basin's
towns and cities to coordinate plans and proposals with the plans and
goals of these interests. A late stage public meeting was held on
7 December 1978 in Cumberland, Rhode Island specifically for the Black-
stone River Basin study to discuss the proposed basin flood management
plans. Since that time additional meetings have been held with community
and industrial representatives.

OTHER STUDIES

This study follows a number of earlier studies, described in Appendix
1 including:

The New England-New York Interagency Committee Report, March 1955

New England Flood Studies Report, June 1963

Report of Study, Blackstone River, November 1965

Master Manual of Reservoir Regulations, June 1966

Flood of March 1968 in Eastern Massachusetts and Rhode Island

Flood Plain Information Reports for Cumberland, Lincoln, Central
Falls and Pawtucket, Rhode Island, June 1971; Auburn, Massachusetts,
October 1972; and Lincoln, Rhode Island, August 1973

Reconnaissance Report of the Providence River Group, October 1972

Planning Aid Report on Climatology and Hydrology, September 1973

Site Preservation for Water Resources Project, January 1973

3



Flood Insurance Studies

Southeastern New England (SENE) Report, March 1976

Water Resources Development Study, May & October 1974

Environmental Report, March 1975

Water Quality Management Plans (Rhode Island, August 1976;
Massachusetts, April 1975)

THE REPORT AND STUDY PROCESS

This report consists of two volumes. The Main Report describes the
area under study and its problems, needs and opportunities with regard to
flooding and related water resources. It sets out feasible solutions with
their economic costs, benefits and justifications as well as recommen-
dations for implementation, including division of responsibility between
Federal and non-Federal interests. The "Formulation of Preliminary Plans"
section explains the various measures that were screened and eliminated.
The eight technical appendices contain technical detail augmenting the
main report.

Planning consists of executing the four functional planning tasks
during three stages of plan development. Iteration of these tasks during
any of the planning stages may be necessary and even desirable in order to
reflect an increasing level of effort, detail and refinement. Iteration
also provides for the incorporation of additional information to the study
as it progresses. The product of Stage 1 of the study effort is the
reconnaissance report which describes the advisability of continuing with
more detailed study. Effort at this stage provides a clear indication of
the scope of needs, the study area's planning objectives and the sche-
duling and management of subsequent planning activities. Development of
Intermediate Plans in Stage 2 entails a more detailed analysis of the
problems as well as the development of a preliminary range of solutions at
a general level of detail, assessment and evaluation. Development of
Final Plans in Stage 3 concentrates on developing a select number of more
detailed alternative plans. Extensive public involvement and professional
evaluation are required to determine which plans warrant detailed evalu-
ation. Several iterations of the four basic tasks may be needed in order
to achieve adequate detailed planning. This re ort is a Stage 3 document.

The report follows the study process, which basically involves four
tasks: problem identification, formulation of alternatives, impact
assessment and evaluation of flood control measres. The report then
summarizes the formulation of alternatives consilered in implementing
program. of flood control and describes a recommeided plan.

4
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PROBLEM IDENTIFICATION

The following section defines the physical area and the exact nature
of the flooding problems of the Blackstone River Basin study area.
Planning objectives addressing those concerns and resource management
problems are considered in light of the present conditions and of future
conditions if no Federal action is taken. As noted in the "Scope of the
Study" section, the Blackstone River Basin is part of the Pawcatuck
River and Narragansett Bay Drainage Basins study and therefore the two
national objectives are similar for each of the basins.

NATIONAL OBJECTIVES

National objectives for water resources planning have been defined in
the U.S. Water Resources Council's Principles & Standards as achievement
of national economic development (NED) and environmental quality (EQ).
NED is to be achieved by increasing the value of the Nation's output of
goods and services and by increasing the national economic efficiency. EQ
is to be achieved by the management, preservation, creation, restoration,
or improvement of the quality of certain natural and cultural resources
and ecological systems.

The NED objective can be achieved here with flood control measures
that can improve the area economy by reducing flood damages and the
resulting costs to businesses in the area's flood plains.

The EQ objective can be achieved here with the same measures, if
properly applied. Flood control measures that include or allow preser-
vation of ecologically valuable wetlands could be adopted. Watershed
management measures can increase ecological diversity and productivity of
fish and wildlife in the area.

EXISTING CONDITIONS

The Blackstone River Basin study area occupies most of northern Rhode
Island and extends northerly into southeastern Massachusetts. It is
generally a region of wooded hills and rolling countryside covering 540
square miles: 382 square miles in southeastern Massachusetts and 158
square miles in northern Rhode Island. High floodflows are experienced
on the Blackstone main stem, which result from the
tendency of its tributaries to synchronize their flows with the crest on
the main river. Since 84 percent of the Blackstone's length lies within
metropolitan townships, thus affecting and affected by the works of man, a
general understanding of the area's resources, development, and economy
are essential to identifying flood-related problems and needs.

The Blackstone River originates at the junction of the Middle River
and Mill Brook in the southern part of Worcester, Massachusetts, and flows
in a southeasterly direction 44 miles to the Main Street Dam in Pawtucket,
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Rhode Island. There it becomes the Seekonk River, a tidal estuary, which
in turn flows south 7 miles into the Providence Liver in Providence, a
northern arm of Narragansett Bay. Total fall over its entire length is
approximately 440 feet.

Although the Blackstone is the largest river, it is not the only
contributor of riverine benefits and problems to the watershed. Nine
tributaries -Mill Brook, and the Middle, QuLnsLgamod, Numford, West,
Branch, Mill, and Peters Rivers and Abbot Run -all running through heavily
urbanized areas, also have important influences upon the population and
industry of the basin.

Climate

Variable in nature, the area's climate is dominated by prevailing
westerly winds. Precipitation averages between 40 and 47 inches annually,
and mean temperature ranges from 240 F to 720 F, with occasional higher and
lower extremes. Snowfall ranges from 38 inches in the south to 75 inches
in the north. Snowuelt seldom results in major flooding unless combined
with heavy rainfall.

The area experiences continental storms that move in from the west,
nor'easters which produce substantial precipitation, thunderstorms and
tropical coastal storms originating in the Caribbean which sometimes
become hurricanes (see Figure 2).

Serious droughts have occasionally affected both water supply and
riverflow.

Topography

The area is generally hilly, extending from 1,395 feet above National
Geodetic Vertical Datum (NGVD) in Paxton, Massachusetts to sea level in
Pawtucket, Rhode Island. The soil is glacial and the exposed rock is
mostly granite, with many natural falls along the river which provided
favorable power sites for manufacturing in the past.

Geology

The underlying bedrock of the region is generally reflected by the
nature of the topography--moderately hilly to the north, low hills and
plains to the south. The bedrock formations trend northeast-southwest
and, being relatively resistant to erosion, control the drainage over much
of the region except in the subdued topography of the Narragansett Bay
Basin. Other than moderate erosion and filling of the surface topography,
the area remains essentially the same as in the late postglacLal period of
12,000 years ago.

6
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Mineral Resources

Sand and gravel are the only minerals currently being mined iL the
Blackstone River Basin, where they are processed for use in ready-mix
concrete and hot-mix asphalt. Although these deposits are abundant,
alternative land uses will increasingly preclude their development,
causing more sand and gravel to be brought in from outside the area to
meet future needs.

Groundwater

Several billion gallons of high quality groundwater are stored in the
area. The water is soft to moderately hard, with high manganese concen-
trations constituting the principal water quality problem. Wells

typically yield between 2 and 15 gallons per minute (gpm), with yields of
200 gpm and more near the Blackstone River.

Water Supply

The water supply systems located in the basin are generally small in
capacity. Only 4 of the 26 systems can produce more than 2.0 million
gallons per day (mgd). Of the 26 systems, 6 operate in Rhode Island while
the remainder serve Massachusetts. Five of the systems are privately
owned and operated, while 21 are publicly owned.

Both ground and surface sources are used by Rhode Island munici-
palities for water suppy. The city of Pawtucket has the largest system,
with an available safe yield of 20.7 mgd. The only town lacking a public
water supply system is Glocester, which obtains all of its water from
individual private wells.

Groundwater is the primary source of supply outside of the Worcester
area in the Massachusetts portion of the basin. The largest surface water
supply serves the city of Worcester and has a total safe yield of 32.5
mgd. It consists of a series of reservoirs in the Quinapoxet River Basin
in Princeton and Holden and two wells adjacent to Lake Quinsigamond. The
town of Millville is the only municipality in the basin in Hassachusetts
not served by a public water supply system, relying instead on individual
wells for supply.

In 1970, approximately 57 mgd, from both ground and surface sources,
were supplied to users in the Blackstone River Basin, with 23 agd going to
Rhode Island and 34 mgd serving Massachusetts.

A summary of the sources of water supply and existing water supply
systems of the Blackstone Basin in Rhode Island and Massachusetts is
provided in Appendix 1. The water supply needs in the basin and solutions
will be addressed in the final urban study report for the PNB, scheduled
for completion in December 1982.

7
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Water quality

The existing surface water quality in the Blackstone River Basin
ranges from Class A (suitable for all uses including water supply) In
Abbott Run, to Class E (nuisance condition) in the upper, more heavily
developed reaches.

The Blackstone River is the recipient of large amounts of treated and
raw domestic and industrial sewage. The riverwater in many reaches is

characterized by offensive tastes and odors, high turbidity, high concen-
trations of suspended and organic matrial and high bacterial counts as
well as low dissolved oxygen (DO) levels. With this large initial load of
pollutants, and with many municipal and industrial waste loads added by
towns along its course, the Blackstone River is considered less than "C"
quality in many reaches.

Some wastewater treatment plants were built in the Blackstone River
Basin when the area was experiencing rapid industrial growth during the
1920's. However, many of these facilities lack sufficient capacity to
handle today's higher waste flows and, in some cases, improvements are
needed.

With the advent of Public Law 92-500, a number of new or improved
treatment facilities have been constructed on the major sources of waste
discharges and water quality in many reaches has significantly improved.

Quality of water in the Blackstone Basin should improve as more
advanced and efficient wastewater treatment processes are constructed.
The dissolved-solids content, however, will probably increase as the flow
increases since municipal and industrial wastewater treatment plants
remove little, if any, of the dissolved solids.

Vegetative Cover

Rural upland areas of the basin are dominated by oak-hickory forest
with scattered agricultural fields and meadows. Lowland areas are predom-
inantly red maple swamp or shrub-covered wetland. Extensive areas of
natural vegetation, mostly secondary growth after agriculture abandonment
in the 19th century, now provide habitat for wildlife, retard runoff and
reduce soil erosion. Increasing residential, commercial and industrial
development in the basin is resulting In a significant reduction in
natural vegetative cover.

Fish and Wildlife

Many species of fish and wildlife in the Blackstone River Basin are
seriously threatened by the destruction of their habitat. Poor water
quality in the streams has reduced the number of species; however,
considerable stocking of ponds exists. Dams along major rivers are
obstacles to those saltwater fish species which need to spawn in

8
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freshwater. Seven species of birds are listed as endangered or possibly
endangered (see Appendix 5). Diligent land use planning or public
purchase of lands is needed to halt uncontrolled reduction of wildlife
habitat.

Historical and Archaeological Resources

Prehistoric occupation of the Blackstone Valley appears to have been
primarily on terrace areas above the flood plain. Locations near major
river falls were of particular importance as stations for catching
anadromous fish. Most of these falls were utilized for industrial
development and hydropower during the 19th century. The Corps completed a
report in 1979 for the New England River Basins Commission on the"Hydro-
electric Potential at Existing Dams in New England', which addresses sites
in the Blackstone River Basin.

Historic settlement in the Blackstone River Basin consisted initially
of agricultural communities, but the region's economic base shifted to a
primarily industrial character in the 19th century. Although some 17th
and lqth century farmsteads and public buildings still stand within the
region, most of the historic period structures remaining near the river
consist of 19th century factories or millworkers' housing.

Structures or districts in the valley which are currently on the

National Register of Historic Tlaces include the Valley Falls Mill in
Central Falls, the Berkeley Mill Village in Cumberland, the Old Slater
Mill in Pawtucket, and part of the Blackstone Canal in Lincoln.

Population

Twenty-nine communities in Massachusetts and nine in Rhode Island lie
wholly or partially within the Blackstone watershed. Two major metro-
politan areas, Worcester and Providence, influence the population trends
in the watershed. While these large central cities have been showing
decreases in population, their suburban counterparts have shown increases.

The 11 communities that lie along the main stem of the Blackstone and
have suffered substantial flood damage losses had a total 1980 population
of approximately 190,000, a decrease of about 2.6 percent from the 1970
population of approximately 195,000. Population densities in these
communities range from 179 in Sutton, Massachusetts to 14,163 in Central
Falls, Rhode Island.

Economic Development

During the valley's 300-year history, its economy has shifted from
farming to manufacturing, first with local materials and then using
imported materials. This shift has been accompanied by increasing labor
intensification and reduction in the use of materials to minimize shipping
costs and thus decrease the cost of the region's products. The result has
been increasing specialization in the manufacture of such products as
machinery and electronic equipment.

9



The Blackstone Valley economy has remained heavily based on manu-
facturing, accounting for about 90 percent of its economy (compared to 58
percent for southern New England and 31 percent for Boston).

Manufacturing jobswhich accounted for more than one-third of total
employment in 1970, are declining as manufacturing employers move away.
However, the valley still contains a sizable skilled labor force. About
one-third of its blue collar workers are craftsmen and foremen. The
availability of these skills is credited with leading the rise of
electronics and jewelry making in the region, balancing the decline in
textiles.

Land Use Characteristics

The Blackstone River Basin lies largely within two Standard
Metropolitan Statistical Areas (SMSA)--Worcester and Providence-Pawtucket-
Warwick--and close to a third, Boston. While the upper and lower reaches
of the basin are extensively urbanized, the small towns in between are
mostly in the process of being absorbed into the regional metropolitan
economy. Scattered suburban housing and land subdivisions are encroaching
on wetlands along the area's streams.

Only three cities or towns within the flood plain of the Blackstone
River Basin--Pawtucket, Central Falls and Woonsocket--are fully developed.
Beyond these are several stretches of intensive development in land that
is otherwise rural in character. This varying pattern of development is
clearly illustrated by the number of persons per square mile, ranging from
only 179 to more than 14,000.

Most of the flood plain development in the Blackstone River Basin
lies in its lower reaches. In Pawtucket and Central Falls, nearly all
of the Blackstone's available flood plain has been fully developed by
Industrial and commercial users. In the Lonsdale section of Cumberland,
most of the flood plain has been covered by a variety of commercial,
industrial, residential and transportation facilities. From Pratt Dam in
Lonsdale to Woonsocket, most of the available flood plain is vacant; but
there are three important industrial complexes along this stretch: The
Berkeley Industrial Park at Martin Street with 80 acres in the flood
plain, the Owens-Corning Fiberglas Company at Ashton, and the Berkshire-
Hathaway Mill complex at Albion.

The significant concentration of development in the upper reaches of
the flood plain is in Millville, Massachusetts. Elsewhere, the flood
plain is either fairly narrow or vacant with considerable amounts of
marshland unsuitable for development. In Woonsocket, previous channel
improvements and local protection projects have protected nearly all the
natural flood plain against the flood threat. Along the tributaries,
existing flood plains are narrow or largely vacant, with a few exceptions.
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Tranaportation Facilities

The Blackstone Valley is served by Conrail bulk freight rail service
and Amtrak passenger service, as well as the Providence and Worcester
Railroad. A number of major highways run through the northern and
southern parts of the basin, including 1-90, 1-296, 1-95, 1-495 and U.S.
6. Air transportation is provided at Worcester, Warwick, and Smithfield*
Most waterborne commerce needs are served through the Port of Providence,
with its 40-foot-deep main ship channel.

Recreation

Seven percent of the basin's land area--21,179 acres--is public
recreation land. Very little of this acreage is along the BlackstoneRiver; but initial steps have been taken by the States of Rhode Island and

Massachusetts to develop a linear park along the entire reach of the
Blackstone River (see Appendices 1 and 5). A principal focus for this
park will be the old Blackstone Canal, whose waterways and towpath can be
used for many forms of recreation.

Streamflow Characteristics

The US Geological Survey measures streamflow at nine gaging stations
on the Blackstone River and its tributaries. This published information
was used to establish streamflow characteristics and prepare flood
frequency curves for three points on the river. Relationships between
flood stage, frequency of return and resulting flood damages were then
established for use in flood analysis. More information can be found in
Appendix R. A number of hydrologic studies of rainfall and runoff data
associated with every flood on the Blackstone River since 1936 were used
to determine flooding conditions along the river.

Status of Existing Improvements

After the record flood of August 1955 funds were provided that
resulted in the following flood control projects, consisting of reser-
voirs, local protection projects, and other Federal projects (shown on
Plate 2 and summarized on Table 1).

The Corps of Engineers constructed the West Hill Reservoir, which
provides floodwater storage that controls about 80 percent of the West
River watershed. This project provides flood stage reductions on the
Blackstone at downstream communities as far south as Pawtucket. Limited
recreational opportunities are available, and an intensive management
program for fish and game resources on the reserved lands and waters is
being developed by the Massachusetts Division of Fisheries and Wildlife.
There are no other Federal flood control reservoirs, either completed,
under construction, or operational within the study area.

11



TABLE 1

PERTINENT PROJECT INFORMATION

Damage Prevented in

a Recurring Aug.

Date of 1955 Flood (June
Project Construction Project Cost 1979 Price Levels)

(Millions)
West Hill

Dam & Reservoir 1959-1961 $2,300,000 $43,200,000

Worcester

Diversion Project 1957-1960 6,102,500 91,400,000

Woonsocket

Local Protection 1956-1960 4,809,100 31,000,000

Lower Woonsocket

Local Protection 1963-1966 8,791,200 24,500,000

The Woonsocket Local Protection Project waR completed by the Corps of
Engineers in 1959 at a Federal cost of $4,040,100 and a local cost of
$769,000. Major components include channel improvements, four dikes, a
floodwall and pumping station, and the replacement of an industrial dam.
The project completely protects about half of the industrial property in
the city as well as many homes, commercial establishments, extpnsive
transportation facilities and public utilities against floodflows equal to
those experienced in the August 1955 flood. It has also reduced flood
stages in the upstream communities of North Smithfield, Rhode Island and
Blackstone, Mdssachusetts.

The Lower Woonsocket Local Protection Project was completed by the
Corps of Engineers in 1960 at a Federal cost of $8,356,200 and a local
cost of $435,000. This project supplements the Woonsocket local
protection project upstream and completely protects industrial and
commercial establishments and closely packed residential developments
along the Blackstone and its tributaries: the Mill and the Peters Rivers
in the city of Woonsocket. The project consists of channel improvements
that increase the capacity of the channels, and dikes and floodwalls with
two pumping stations that protect sections of Woonsocket. It was designed
for flows equal to those of a Standard Project Flood (SPF)--defined as the
flood discharge that may be expected from the most severe combination of
meteorological and hydrologic conditions that are considered reasonably
characteristic of the region, excluding extremely rare combinations.

12
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The Worcester Diversion Project was completed by the Corps of
Engineers in 1960 at a Federal and non-Federal cost of $5,081,500 and

$1,021,000, respectively. Located in Auburn and Millburn on the south
side of Worcester, Massachusetts the project provides a bypass for flood-

waters originating upstream. This diversion protects industrial,

commercial, residential, and public property in Worcester that has been

heavily damaged by floods in the past.

Other Programs

The National Flood Insurance Program (NFIP) provides Federally
subsidized insurance protection to property owners in flood-prone areas of
communities that have enacted community wide land use controls. Almost
all of the communities in the Blackstone River Basin have received or
applied for the insurance protection, and most of the communities have
enacted flood plain zoning measures.

Emergency flood control funds were provided ($137,000 Federal and
$9,000 non-Federal) following the March 1968 flood for the restoration of
a flood control wall in Blackstone, Massachusetts, which protects the town
hall, courthouse building, homes and the town's recreational and athletic
field against floodflows equal to those experienced in the August 1955
flood.

Disaster relief operations following the August 1955 Hurricane Diane
were conducted by the Corps of Engineers to rehabilitate the deteriorated
main channel of the Blackstone River in Rhode Island. Emergency funds
were spent for the removal of obstructions and sediment deposits in
Cumberland, Lincoln, Pawtucket and Central Falls. Temporary protective
dikes were built with much of the excavated material. Recommendations
were also made to towns for permanent flood protection works.

The Seekonk River Navigation Project, completed in 1927, provides a
16-foot channel from Wilkes Barre Pier in East Providence to the Division
Street Bridge in Pawtucket, a distance of 3.4 miles.

Non-Federal projects have also been constructed. The Commonwealth of
Massachusetts, following the August 1955 flood, completed the modification
and restoration of numerous flood control, channel improvement, bridge
replacement and other projects in Worcester, Millbury, Grafton, Black-
stone, Milford, Auburn, Shrewsbury, North Attleboro, Northbridge and
Uxbridge, all within the Massachusetts portion of the Blackstone River
Basin. The State of Rhode Island completed bridge reconstruction in
conjunction with the two Woonsocket local protection projects.

The Blackstone River Watershed Association organized "Project Zap" in
September 1972 to clean up the Blackstone's riverbanks, and mobilized
10,000 volunteers to remove more than 10,000 tons of debris from a 14-mile
stretch from Pawtucket to Woonsocket Falls Dam. "Zap II," held in the
fall of 1977, removed about 1,700 tons of debris from the Blackstone River
in the Massachusetts communities of Blackstone, Millville, Uxbridge and
Northbridge. Also included in an ongoing cleanup operation will be an
effort to create a series of mini-strip or linear parks along the flood
plain of the river.

13



THE WITHOUT CONDITION

The condition most likely to occur in the basin without any Federal
action will be continued growth. With the advent of the National Flood
Insurance Program (NFIP) the trend of unwise development of the inter-
mediate flood plain should be reduced, but not eliminated. Development
will continue to occur in the land area between the 100-year flood and the
SPF. Losses can therefore be expected to increase although not in the

same proportion as prior to the initiation of the NFIP and flood plain
zoning.

With increased development the runoff rate will increase causing
higher flood peaks than previously experienced. Development that is now
flood free at a 100-year flood event could get damaged due to increased
runoff from urbanization. If the zoning is not adhered to and the flood
plain is filled along with upstream holding areas, the situation would
worsen and greater increases in flood stages can be anticipated. Even
with wise development, the lower Blackstone's flood problems would
worsen. More frequent flooding can be expected with a larger area subject
to inundation.

PROBLEMS, NEEDS AND OPPORTUNITIES

The Blackstone River Basin has experienced destructive flooding in
the past. Increasing urbanization, resulting in expanded use of flood
plains, can be expected to magnify these problems in the future. This
section of the report will discuss these flood problems and existing flood
control measures by outlining the past and present conditions of towns and
cities located throughout the basin. Present plans and improvements
desired by local interests will also be presented.

Flood Problems

Significant floods in the Blackstone River Basin have occurred in all
seasons of the year. Since 1926, 17 floods of serious magnitude have
occurred, but records of destructive floods are incomplete prior to
1936. Major floods have occurred in March 1936, July 1938, August 1955,
and March 1968. The August 1955 flood is the greatest ever recorded on
the Blackstone River. While rainfall associated with hurricanes and
tropical coastal storms in the summer and fall is generally much greater
than that of winter/spring storms, the ground conditions in winter and
early spring are such that rainfall equal to only 50 to 60 percent of a

summer or fall storm rainfall produces an equivalent flood runoff. Thus,
of the 17 serious floods since 1926, nine have occurred in winter or early
spring, while eight are summer/fall floods.
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Blackstone River, Ashton, RI 8/2Z/55
Owens Corning Fiberglas Plant lower right.
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Present flood problems in the study area are concentrated in the more

densely populated urban communities and generally decrease in magnitude in
suburban communities. Communities with flooding problems are:

Millbury, Massachusetts--Industrial and railroad property damage
occurs in industrial areas along River, West and Water Streets and between
the railroad bridge and South Main Street. Scattered urban residential,
commercial and highway damage also occurred.

* Sutton, Massachusetts--Major damage occurs at a chemical plant on
Follett Street.

" Grafton, Massachusetts--Most damage is incurred from the Fisher
Dam downstream to Depot Street.

N Northbridge, Massachusetts--This community incurred the largest

total losses of any town on the Blackstone between Worcester and Woon-
socket in the 1955 flood. The area between Kupfer Mill and the former
Paul Whitin Dam sustained over $200,000 in damages. The Whitin Mill,
although not in operation, sustained heavy damages. Losses to the Coz
Chemical Company, which now occupies that building, would be much higher
in the recurrence of such a flood.

* Uxbridge, Massachusetts--Industrial damage occurs at the Stanley
Woolen Mill just above Mendon Street, with small amounts of damage along
Main Street and at the intersection of River and South Streets. Over-
flowing of the Mumford River due to backwater from the Blackstone is
another major flood problem for the other industrial area of Uxbridge.

. Millville, Massachusetts--Total cost of damages from the 1955
flood exceeded $1 million, with large amounts of industrial damage in the
area just south of Central Street.

* Blackstone, Massachusetts--Damage was limited to rail and highway
facilities.

* Cumberland-Lincoln, Rhode Island--Damage was largely industrial
and urban commercial-residential, with the Lonsdale section hardest hit.
From the Ashton Fiberglas Dam to south of Martin Street, new industrial
activity in the flood plain since 1955 could result in damages of $28
million from a 1955 event (see the following photos). Damage to a 42-inch
trunkline sewer and to the Providence and Worcester Railroad line in a
repetition of the 1955 flood is of major local concern, as is potential
damage to the Blackstone Canal (a recently declared National Historic
Site) and potential pollution of municipal water supply wells.

15
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* Cumberland, Rhode Island--Some urban damage on the left bank of
the river occurred in 1955.

* Central Falls, Rhode Island--1955 damage to the right bank was
mostly urban and industrial, aiounting to $350,000.

" Pawtucket, Rhode Island--Greatest losses were concentrated on the
right bank in the commercial area around Roosevelt and Main Streets,
amounting to $340,000.

Some of the flood problems of the Blackstone River Basin have been
amplified with the loss of natural valley storage as a result of
encroachment on flood plains by industrial, commercial and residential
development. Because these flood plains are easily accessible through an
improved highway system and are the most economical areas to develop, this
urbanization continues. Thus increased flood problems with losses
exceeding earlier flooding events can be expected.

Flood Damages

Flood damages incurred from the August 1955 flood, considered to be
the record storm in the Blackstone River Basin, were analyzed. Total
losses in the basin were estimated to be $42.7 million under present
development conditions at the 1955 flood elevation. Losses for specific
problem areas were projected for a development condition that existed in
1979 in the event of a recurrence of the 1955 event. Losses in the Berkeley
Park area could be 28 million for a 1955 flood recurrence and $50 million
for a Standard Project Flood. In the Ashton area, the Owens-Corning
Fiberglas Corporation industrial concern may be subject to damages. The
industry has implemented nonstructural floodproofing measures. The Pantex
Dam section in Pawtucket would incur 45.2 million. In the area of the
Slater Mill Dam modification proposal, $3.8 million in damages could be
suffered. In the Saylesville modification area, 45.3 million of losses
could be sustained; and in the Branch River area, $2.9 million of losses
could be anticipated.

Local Support and Improvements Desired

At the beginning of the PNB study, four public meetings were held.
Two of these meetings, one in Providence and the other in Uxbridge
provided information for the Blackstone River study. Individual citizens
and local, State and Federal officials were provided with the opportunity
to express their views concerning the need for and extent of flood
reduction measures which should be taken in the Blackstone River Basin.

Written statements were also submitted for the record.

Most of those attending the meetings supported this study, although
some expressed displeasure with the lack of prior action to correct flood
problems. Specific recommendations for flood damage reduction were also
submitted, including the dredging of silted-up sections of the river and
the removal of some dams. The recreational and environmental attributes
of the basin were also emphasized.
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Numerous informal meetings with local interests were then initiated
to expand on the problem and needs presented at the public meetings. As
the study progressed and people became more aware of the flood problems in
the basin, additional requests for Federal assistance were received from
areas described in the section "Flood Problems."

On 19 March 1971 a brief supporting an application for a Blackstone
River flood control project was submitted by a number of local and State
officials with the support of Congressional representatives. Numerous
other requests for various projects in connection with flood control on
the Blackstone River have also been received during the course of the
study.

As a result of the preceding outline of the basin's flood problems,
existing flood control measures and meetings, the needs of the towns and
cities of the Blackstone River Basin have become evident.

PLANNING CONSTRAINTS

Planning constraints are those conditions imposed upon the planning
process that limit the range of feasible alternatives available to the
planner. These constraints may be legal, public policy, economic, social
or environmental factors of such importance that to violate them would
compromise the planning effort. Specific constraints for the Blackstone
River Basin include:

Preservation of Valley Falls Pond for wildlife habitat and scenic
values.

No construction of structures within the flood plain unless
they are either elevated above the 100-year flood stage or are flood-
proofed to this elevation.

The Blackstone Canal and Old Slater Mill. both recorded in the

National Register of Historic Places, are regarded as sensitive areas

when flood control alternatives are being considered.

STATEMENTS OF PROBLEMS AND OPPORTUNITIES

The Corps of Engineers seeks plans that provide solutions for
existing flood problems and also offer the potential for reducing future
flood damage within the study area. Based upon an assessment of the flood
problems, needs and opportunities in the study area the following problem
statements and opportunities have been developed.

Reduction of potential flood damage in the Blackstone River Basin

from 1985 to 2085.

Development of flood damage reduction plans which are compatible
with or enhance environmental, recreational and cultural values.

17
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FORMULATION OF PRELIMINARY PLANS

Flood management measures are needed to respond to the principal
water resource problems within the basin. Alternative solutions for
satisfying flood control needs are evaluated in this section. Greater detail
is contained in Appendix 2, Plan Formulation.
MANAGEMENT MEASURES

All potential regulatory and corrective measures for meeting the
flood protection needs of the basin were initially identified and
appraised. The without condition (one entailing no Corps of Engineers
participation) was considered throughout the plan formulation process.
It assumes that all communities would control growth within their flood
plains, at least to meet the minimum requirements of the ongoing NFIP.
The NFIP provides a Federal subsidy to private insurers so that flood
prone properties may be eligible for flood insurance ($245,000 limit for
single family residence and contents, $550,000 for small business
structures and contents, and $400,000 limit for other nonresidential
property and contents).

All basin communities have initiated participation in the NFIP, which
should lead to local programs for controlling growth within the flood
plains.

Regulatory Measures

Regulatory measures discourage the use and development of the flood
plains, thus lessening the threat of flood damage and possible loss of
life.

Flood plain regulations help avoid repetition of past building errors
by preventing or minimizing damage to land and buildings subject to
flooding. Communities may adopt more stringent regultions than those
required by the NFIP. Such restrictions require the enactment of
ordinances to implement and enforce land use planning programs involving
the delineation of flood hazard areas.

Encroachment lines drawn on the map on each side of a watercourse
show the lateral limits within which development must be restricted in
order to preserve the flood carrying capacity of the stream and prevent
further growth in the flood plain. Figure 3 is a schematic drawing of
this concept. The central portion, or floodway, consists of the stream
channel and that portion of the adjoining flood plain required to pass a
100-year flood. No construction or filling should be allowed there,
although parking lots, recreation, agriculture, and other nonstructural
uses may be permitted, provided that the free flowing state of the
floodway is not impaired.

18



zI

Lihi

z IU 0
LLU

Oz u~ <zJ

0 LUZ0
-J LUO

__ _ __ _ m Z H

IL

<0
0C

LU L

-JJ >- wZIL I

0) 0 z
0 Z o
-J 0 0

LLU

<ii LU

3I 0 0
z 0 C0

1i0 -j
LUL

ILIz l

> zJ 0 LU1

0- a-zz z

0J zJ

0 [0

0~ Z

FIGURE 3



The floodway fringe is the remainder of the 100-year flood plain.
Limited encroachement or filling may be allowed here, providing it does
not cause the water level of the 100-year flood to rise more than one foot
(or less if so established by State or local regulations). Any construc-
tion here must be floodproofed to the 100-year flood level.

Zoning is the legal measure used to enforce land use and development
restrictions in the flood plain by governmental agencies. It can insure
the safekeeping of this property for the health, welfare, and safety of
the public.

Subdivision regulations are used by local governments to control
construction in undeveloped flood plains by specifying minimum elevations,
drainage, location restrictions, and other conditions to prohibit
encroachment in flood hazard areas.

Land use programs for conservation, scenic, and flood control
purposes may include land use restrictions, purchase of land use rights,
lowering of tax assessments, and other measures to meet public objectives-
-such as preventing development in flood plains--while allowing continued
private ownership of the land.

The following regulatory measures also lessen the threat of flood
losses.

• Building codes specify minimum standards of design, construction,
and quality of materials to reduce potential flood damages in structures
whose location in flood hazard areas cannot be prevented. Such restric-
tions could prevent buildings from floating off their foundations,
establish minimum basement and first floor elevations consistent with
potential flood occurrences, prohibit basements that would be subject to
shallow flooding, require reinforcement to withstand water pressure or
high velocity flow, restrict the use of materials which deteriorate
rapidly in water, and prohibit equipment that might be hazardous to life
when submerged.

• Urban redevelopment presents opportunities to remove developments

from the flood plain and make sure that new construction in the flood
plain is designed to withstand flooding.

Tax adjustments on land dedicated to open space uses, such as

agriculture, recreation, and conservation, helps to preserve undeveloped
flood plains.

Warning signs of previous high water levels warn prospective
buyers that a flood hazard exists. Required certification by sellers that
the property is reasonably flood free is even more effective.
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" Health and fire regulations should include contingency plans for
temporary evacuation of people, property, and livestock from low-lying
areas; for prevention of disease should water supplies become polluted or
sanitation facilities inoperative; for accessibility to fire fighting
equipment; and for emergency fire reporting systems.

* Cleanup campaigns to remove material dumped in flood-prone areas
and prevent future dumping may be instituted.

* Flood forecasting can reduce property losses significantly and
save lives. Information from the Federal Government's extensive weather
forecasting system should be effectively disseminated at the local level.

Corrective Measures

Structural - Structural components are often the most practical way
to control floods and reduce damage in heavily urbanized, flood-prone
areas where regulatory measures may be environmentally or socially
undesirable.

Land treatment measures reduce erosion and runoff and leasen the
damaging movement of sediments to streams and flood plains. Vegetative
and mechanical measures developed for conservation practices--contour
farming, cover cropping, terracing, critical area planting, and the like--
are also effective on rural lands undergoing development.

Reservoirs for impounding uncontrolled floodwaters provide protection
to downstream communities, while satisfying other needs, such as water
supply and public recreation.

Walls and dikes confine floodflows to the channel or floodway and
provide protection to local high-risk areas.

Reservoir management programs provide for the addition of flood
control storage in existing reservoirs, with controlled release after the
flood danger passes.

Stream improvements can increase the flood-carrying capacity of
floodways by elimating abrupt turns, widening and deepening channels,
improving areas at bridges and culverts, alleviating erosion problems, and
removing shoals, sandbars, islands, overhanging and uprooted trees, and
accumulated debris. Diversion of floodflows to bypass heavily congested
flood-prone areas offer great protection while minimizing environmental
and social impacts.
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Nonstructural - Nonstructural measures that render buildings and
contents less vulnerable to flood damage include:

1. Permanent measures such as waterproofing, installation of drain
systems and pumps, anchoring and reinforcing walls and floors, use of
water resistant materials, raising the elevation of structures, protecting
immovable equipment, bricking windows, relocating entrances, and drawing
up plans for emergency protection measures.

2. Contingency measures such as manually closed sewer valves and
removable bulkheads or flood shields for windows, doors and vents.

3. Emergency measures such as sandbagging, pumping and removal of
contents to high elevations.

4. Permanent evacuation of developed areas by removing structures
and relocating people, so that flood-prone lands could be returned to
natural habitat or used for agriculture, parks and recreation. Temporary
evacuation is also effective when used in conjunction with a reliable
flood warning system.

PLAN FORMULATION RATIONALE

In evaluating alternative solutions for the basin's flood management
needs, technical, economic, and social criteria, including consideration
of all beneficial and detrimental effects on the area's environment, were
followed. Supplemental planning criteria for alternatives involved
acceptability, completeness, effectiveness, equity, irreversibility, and
ease of maintenance and operation. Alternatives that were obviously not
feasible or acceptable were removed from further consideration during the
planning process. Socioeconomic data used in evaluating costs and
benefits were derived from Corps investigations and other published data
of State and Federal agencies. Hydrologic and hydraulic data were
obtained from Corps studies. Environmental impact information was
obtained from Corps studies and water quality sampling by the Federal
Environmental Protection Agency. In addition a"System of Accounts"Table
was developed to compare the beneficial and adverse effects of alternative
plans. See Appendix 2, "Plan Formulation" for detailed information
discussed in this section

Economic Criteria

1. Combined NED and EQ Benefits must exceed combined NED and EQ
Costs.

2. Intangible benefits, such as protection of lives and property,
may cause the scope of development to be greater than would otherwise be
required to provide maximum net tangible benefits.
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3. The recommended plan must not physically displace or economically

preclude from development any more economical means for accomplishing the
same purpose.

Technical Criteria

Technical criteria adopted from engineering manuals, regulations and
other sources require that the plan be feasible to implement, complete
with no additional future improvements, and insure against significant
worsening of any flood conditions. Alternative measures were formulated
in accordance with regulations stipulating that the SPF is an appropriate
level of protection for high dikes and floodwalls in urban areas.

Environmental and Social Considerations

Requirements of the National Environmental Policy Act of 1969

include:

1. Analysis of the environmental impact of any proposed action.

2. Identification of adverse environmental effects which could be
avoided in project implementation.

3. Evaluation of alternatives to the proposed action.

4. Determination of the relationship between local short term uses
of man's environment and the maintenance and enhancement of long term
productivity.

5. Accounting of any irreversible and irretrievable commitments of
natural resources and biological systems which would be involved in the
project.

Requirements of the Principles and Standards of the Water Resources
Council include:

1. Management, protection, enhancement, or creation of areas of
natural beauty and human enjoyment.

2. Management, preservation, or enhancement of especially valuable
or outstanding archeological, historical, biological, and geological
resources and ecological systems.

3. Enhancement of quality aspects of water, land, and air, while
recognizing and planning for the need to harmonize cono.-vation of the
resources with the land use objectives of productivity L-jr economic use
and development.

4. Development and use of objectives which minimize or preclude the
possibility of undesirable and irreversible changes in the natural
environment.
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Considerations mandated by Section 122 of the 1970 River and Harbor

Act include:

1. Effects of air quality, noise levels, and water pollution.

2. Destruction or disruption of manmade and natural resources,
aesthetic values, community cohesion, and the availability of public
facilities and services.

3. Adverse employment effects and tax and property value losses.

4. Injurious displacement of people and businesses.

5. Disruption of desirable community and regional growth.

6. Public acceptance of proposed improvements and their ability and
willingness to meet local cooperation requirements.

PLANS OF OTHERS

Although no major structural flood control management plans in the
Blackstone River Basin have been developed by agencies other than the
Corps of Engineers, various firms and local concerns have developed plans
to prevent or to alleviate local damages and losses. such a measure is
floodproofing of individual buildings, which ranges from permanent
measures (see Appendix 4) such as closure of openings to emergency
measures such as removal of contents to higher elevations.

Other current plans include the development of a park system along
the entire length of the Blackstone River. This plan is being financed
and administered by the Rhode Island and Massachusetts Departments of
Environmental Management and by the Rhode Island Historic Preservation
Commission and Massachusetts Historical Commission. The Valley Marshes
surrounding Valley Falls Pond, located upstream of Central Falls Dam, were
acquired in 1979, the first major step towards development of this park
system.

ANALYSIS OF PLANS CONSIDERED IN PRELIMINARY PLANNING

Description of Plans

On the basis of studies done by the Corps of Engineers, a number of
flood management measures were evaluated and either eliminated from or
retained for further consideration. All regulatory measures were retained
for further consideration. Each of the following measures was judged on
its own merits. Those not considered adequate, realistic, practical
engineering solutions, or measures not socially or environmentally
acceptable or economically justified, were eliminated. Appendix 2 and Table lB
include complete lists of reservoirs and local protection sites inves-
tigated during Stage 2.
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TABLE 1B

FLOOD CONTROL PROJECTS STUDIED BUT
FOUND INFEASIBLE OR INADEQUATE

RESERVOIRS LOCAL PROTECTION PROJECTS

Project Location Site Location

Millville Millville, Mass. Uxbridge Uxbridge, Mass.
Fisherville Grafton, Mass. Ashton Cumberland, R.I.
Grafton Grafton, Mass. Millville Millville, Mass.
Emerson Brook Uxbridge, Mass. Northbridge (South) Northbridge, Mass.
Pondville Worcester, Mass. Northbridge (North) Northbridge, Mass.
Brandy Brook Glocester, R.I. Grafton Grafton, Mass. 4
Keech Pond Chepachet, R.I. Riverdale Riverdale, Mass.
Carpenter Rsvr. Northbridge, Mass. Pawtucket Pawtucket, R.I.
Round Top Brook Douglas, Mass.
Clear River Burrillville, R.I.
Old Common Rsvr. Blackstone, Mass. DAM REMOVAL OR MODIFICATION
W. Millbury Rsvr. Blackstone, Mass.
Cedar Swamp Rsvr. Blackstone, Mass. Site Location
Pond "626" Blackstone, Mass. Old Slater Mill Dam Pawtucket, R.I.
Purgatory Brook Sutton, Mass.
Aldrich Brook Blackstone, Mass. Pantex Dam

Sayles Finishing Dam Pawtucket, R.I.Tarkiln Brook Burrillville, R.I. Pratt Dam Cumberland/

Lazy Hill Rsvr. Saundersville, Mass. LnColn/

Chocalog Res. Burrillville, R.I. Lincoln, R.I.

Douglas State Douglas, Mass.
Forest ForestCHANNEL MODIFICATION

Upper Carpenter Northbridge, Mass.
Lower Stockwell Sutton, Mass.
Lackey Douglas, Mass.
Nipmuc Burrillville, R.T. Ashton Dam to Cumberland/
Mapleville Burrillville/ Pratt Dam Lincoln, R.I.

Glocester, R.I. Old Slater Mill Dam Pawtucket, R.I.

DIVERSIONS

Site Location

Mill River Hopedale, Mass.
Valley Falls Pond Central Falls/

Pawtucket, R.I.

23A

7777..



More than two dozen reservoir sites were originally investigated.
Most of them were eliminated from further consideration because of the
limited amount of flood protection they could provide, the engineering,
social and environmental drawbacks, or their poor benefit-cost ratios.

On the three remaining, strategically located reservoir sites -
Lackey Reservoir in bouglas, Massachusetts, and Nipmuc and Mapleville
Reservoirs In Burrillville, Rhode Island - only the Nipmuc site was
retained for further investigation in Stage 2 (see Plate 2 presented
earlier in report).

Walls and dikes were considered for a number of communities along
the Blackstone River to provide protection against floods equal to the
record 1955 event. Of the nine sites originally investigated, only
three Berkeley and Ashton in Cumberland, Rhode Island, and Uxbridge,
Massachusetts were initially found to demonstrate potential economic
feasibility and were retained for further study.

Reservoir management programs consisted of investigating many
existing dams to analyze their potential for controlling floodflows
through storage and release of floodwaters. However, none was found to
be suitable or justifiable without major modification.

Since flooding along the main stem of the Blackstone River is not
influenced by tides, due to the Main Street Dam at Pawtucket, no further
tidal flood protection analysis was required for the riverine reaches.

Channel conditions along the Blackstone River have seriously
deteriorated, causing higher river stages and subsequent flooding. Four
stream improvement possibilities were analyzed.

a. Due to open dumping in the past along the banks of the Blackstone
River, both states have laws to protect the riverbanks. There is consider-
able environmental interest in riverbank cleanup, but local communities
need ordinances and active cleanup and maintenance campaigns.

b. The section of the Blackstone between Ashton Dam and Pratt Dam in
Cumberland/Lincoln, Rhode Island because of its long history of high flood
damage was studied for widening and deepening as an alternative to local
protection projects (walls and dikes). It was found, however, that local
structural protection would still be necessary and this channel alternative
was not considered further.

c. Four dams--Old Slater Mill Dam and the Pantex Dam in Pawtucket,
Sayles Finishing Dam in Central Falls, and Pratt Dam in Cumberland/
Lincoln--were analyzed. None of the removals was found to be justified,
either due to an insignificant effect on floodwater levels or because of
subsequent problems caused by its removal. However, the study concluded
that in any future detailed analyses, consideration should be given to
modification of Old Slater Mill Dam, and Sayles Kafshing Dam as a system
of improvements.
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d. Two floodwater diversions were also considered:

Upper %ill River diversion to the upper Charles River Basin in
Massachusetts could not be justified on a benefit-cost ratio basis and
might also advtrsely affect water supply for the city of Woonsocket, Rhode
Island.

Valley Falls Pond diversion was considered for the Central Falls-
Pawtucket area as an alternative to a local protection project for a high
damage area, but the benefits were found to be insufficient to justify the
cost.

Those measures which passed the initial screening were further
analyzed to see if they could provide at, adequate degree of protection in
major damage areas, while meeting the established criteria. Considering
each of the previously outlined measures, over 50 potential project areas
were initially investigated, six of which, considered as the most relevant
and most feasible, were retained for further assessment and evaluation.
Again, all applicable regulatory measures were retained for further
consideration.

Plans Considered Further

Following are the six surviving plans (see Plate 2).

Nipmuc River Dam and Reservoir - This project would be located about
one mile northwest of the village of Harrisville, just north o!: where the
Nipmuc River joins the Clear River. It basically consists of a rolled
earth dam, a chute-type spillway and an outlet works, all of which would
provide a degree of flood control along the Branch River and in the
Blackstone River as well as water supply for the northern area of Rhode
Island. The benefit- ost ratio of this flood control project was found to
be only 0.80 to 1.

Modification of Old Slater Mill Dam - Two alternatives of the
Pawtucket structure were considered. First, thL replacement of the
historic dam with a gate structure would preserve the existing pool, as
requested by local interests, and at the same time allow floodwaters of
the magnitude of the 1955 flood to be passed, thus preventing backwater
flooding of commercial and industrial properties. Channel improvement
would also be required. The benefit-cost ratio for this project was found
to be 0.7 to 1, thus making it infeasible. The second alternative
considered involves channel slope protection, raising of floodwalls and
floodproofing of adjacent buildings--without dam modification. This
project was found to have a benefit-cost ratio of 0.8 to 1.

Modification of Sayles Finishing Company Dam - This channel
improvement project would involve replacing the existing dam in Central
Falls with a gate structure that would maintain present upstream water
levels for a proposed conservaiion-recreation site and still allow the
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passage of floodwaters. Slope protection and retaining walls would also
be required. A benefit-cost ratio of only 0.5 to 1 eliminated the project
from further consideration.

Uxbridge Local Protection Project - Dikes and walls to be built along
the east bank of the Mumford River in Uxbridge, Massachusetts would
protect the firm of Emile Bernat & Son from flooding. However, the
company has indicated that it cannot afford to put any money toward this
project, and with a benefit-cost ratio of 0.66 to 1, it was eliminated
from further consideration.

Ashton Local Protection Project - Dikes and walls would provide
Standard Project Flood (SPF) protection to a 10-acre area on the east bank
of the Blackstone River in Cumberland, between Valley Falls Pond and the
Ashton Fiberglas Dam. The benefit-cost ratio was found to be only 0.48 to
1, thus eliminating it from further consideration. An alternative
protection plan to divert floodflows through the existing channel of Scott
Brook was found to require excessive channel width to carry the flow, so
was not considered further.

Berkeley Local Protection Project - Dikes and walls extending for
5,100 feet along the east bank of the Blackstone River in Cumberland.
would protect 70 acres of industrially developed land against the SPF. An
analysis of costs and benefits indicated a benefit-cost of 1.4 to 1, which
meets the established economic criteria. The area is near Martin Street Bridge.

Another alternative was also considered for the Berkeley site. This
alternative basically would consist of floodproofing each of the individual
structures and buildings. By definition this is a nonstructural measure,
since it provides protection on a structure by structure basis.

Additional nonstructural elements were also considered as possible
flood control alternatives, such as relocation, urban redevelopment,
floodproofing, flood plain regulations, National Flood Insurance Program
and others. These nonstructural approaches can be used effectively to
prevent or minimize future damages, and in some areas to alleviate
existing losses.

CONCLUSIONS

In summary, many different communities were investigated for damages
occurring during floods and the means of protection which could be offered
to prevent such damages in the event of future floods. Due to the nature
of a basin study, different management measures were analyzed for each
problem area as possible solutions. Initially over 50 potential project
areas were investigated, and after many iterations, assessments and
evaluations (see Technical Appendices) of the structural measures
associated with each problem area, only one plan in the Blackstone River
Basin, namely the Berkeley plan, was found to satisfy the establishd
criteria and to be worthy of more detailed analysis.
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All other projects were eliminated due to unfavorable benefit-cost

ratios, inadequate levels of flood control provided, substantial oppo-

sition by local interests, or adverse economic, social, or environmental

impacts.

The resultant plan, the Berkeley plan consisting of two alternatives

was then analyzed and screened so that the most feasible alternative for

this local problem area would surface.
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ASSESSMENT AND EVALUATION OF DETAILED PLANS

This section describes and evaluates two flood control plans for the
Berkeley Industrial Park, a structural plan selected for detailed study
and a nonstructural plan. The significant beneficial and adverse impacts
on the economy, environment and social well-being of the area are pre-
sented, as well as the degree to which they fulfill planning objectives.
Trade-off analyses are performed to analyze the comparative contributions
within each plan. Mitigation requirements, Implementation responsibili-
ties, and public views are also provided to demonstrate each plan's
completeness, certainty of implementation, and acceptability to the
public. The evaluation establishes the basis for comparing plans in the
next section. (See Appendix 2 for additional information.)

PLAN A - BERKELEY LOCAL PROTECTION STRUCTURAL PROJECT

Plan Description

The structural alternative for the Berkeley area is a 5,100-foot-long
levee consisting of 3,590 feet of earthfill dikes up to 20-foot high,
1,450 feet of concrete floodwall, two 10-foot-wide railroad gates and a
40-foot-wide vehicular gate to protect the industrial area in the vicinity
of Martin Street, Cumberland, Rhode Island against damage from the SPF.
The east bank of the river would be straightened to align the dike
embankment, but no channel excavation is planned. Two railroad gates
would be required at the intersection of the project alignment with the
Providence and Worcester Railroad trackage to permit the passage of
freight trains through the flood protected area during normal periods. A
pumping station for discharging interior drainage and seepage would be
located at the downstream side of the Martin Street Bridge. Normal runoff
from about 270 acres of high ground and industrial wastewater would be
conducted to the Blackstone River through a 48-inch diameter pipe. This
would be a gravity discharge pipe, but during floods water would be pumped
over the earth dike to the river. A vehicular floodgate closure would be
required at the south end of the levwe. Some relocation of street

lighting and overhead wires would be required along Martin Street.
Interior drainage would be disrupted by the project, requiring construc-

tion of interceptor drains to the pumping station. Two sewer gates would
be provided at the intersections of the sewerline and the dike to prevent
interior flooding. A flood warning system would be included to warn
industries of impending floods so that gate closures can be made.
Flooding normally starts 12 hours after intense rain with flood stages
peaking after 24 hours. The plan would also include warning and evacua-
tion for the rest of Cumberlands flood plain, including the Ashton and
Lonsdale areas. Plates 3 and 4 show the essential features of the

structural alternative. (Table 2 summarizes the project first cost and

annual charges.)
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TABLE 2

PLAN A - BERKELEY LOCAL PROTECTION*
FIRST COST AND ANNUAL CHARGES

(JUNE 1981 PRICE LEVELS)

FIRST COST

Description

Lands & Damages (L&D) (w/Contingency) $ 168,000
Relocations (Rel.) (w/Contingency & EDSA) $ 58,000
Levees $1,840,000
Floodwalls 1,001,000
Drainage 177,000
Sluice Gate & Access Bridge 21,000
Pumping Station 532,000
Swing Gates 360,000
Ponding Area 13,000

Subtotal, excludes L&D & Rel. $3,944,000
Contingencies (20%) 789,000

SUBTOTAL $4,733,000
Engineering & Design (15%) 710,000
Supervision & Administration (10%) 473,000
Subtotal, excludes, L&D & Rel. $5,916,000
TOTAL FIRST COST, Incl. L&D & Rel. $6,142,000
Interest During Construction

7-3/8%, 2 years 453,000
Total Investment $6,595,000

ANNUAL CHARGES

Interest & Amortization
7-3/8%, 100 years (.07591) $500,600

Maintenance & Operation 14,200
Interim Replacements 2,500

TOTAL ANNUAL CHARGE $517,300

*First costs are updated from February to June 1981 price levels based on
the ENR:CCI index, except Lands and Damages were updated from 1975
price levels. There would be no significant change in project economic
feasibility if August 1981 price levels and an interest rate of 7-5/8
percent were used.
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Impact Assessment

The Berkeley Local Protection Project (LPP) has an estimated project
life of 100 I-ars and would provide flood protection against an SPF at a
fi!* cost of $6,142,000. The SPY, the most severe event reasonably
expected to occur, would exceed the 1955 flood level by about three
feet. The entire industrial park would be protected including access to
the buildings, the buildings and contents. The project would prevent the
unemployment of about 900 people for all flood levels. A comparison of
damages with and without the project follows:

PROJECT AREA WITHOUT PROJECT WITH PROJECT

Average Annual Damages $918,70U $lz4,600

Average Annual Damages Prevented -0- $794,100

An adverse impact of the project's dike restricting the channel,
would be the raising of flood levels upstream at one residence in Lincoln
and the Owens-Corning Fiberglas Corporation plant in Ashton by about 0.7
feet for a 100-year event, and 1.7 feet for an SPF event.

The total project average annual benefits are:

Direct Project Benefits $794,100 -Damage Prevented
Loss in Ashton and Lincoln $ 96,000 -Damages Caused

Total Project Benefit $698,100

The economic feasibility of the project is shown in Table 3 with a
favorable benefit-to-cost ratio. In addition, significant secondary
benefits to NED are expected to occur since other industries and jobs are
dependent on these industrial distributors. (See Appendix 7 for details of
economic analysis).

TABLE 3

PLAN A - ECONOMIC ANALYSIS
(JUNE 1981 PRICE LEVELS)

Average Annual Benefits $698,100
Average Annual Costs 517,300
Average Annual Net Benefits $180,800
Benefit-to-Cost Ratio 1.4 to 1

(1.35)

The Berkeley Local Protection Project (LPP) would have short term
effects on the social well-being of area residents. Most of its effects
would be short term impacts experienced during the construction phase.
These include increased noise, dust, and exhaust fumes at the project
site. Local roads leading to the project site would experience an
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increase in heavy truck traffic. A city-owned recreation area, Berkeley
Oval Park, would be disturbed during placement of the dikes and would
present an additional safety hazard to children utilizing the park.

The major long term effect of the LPP would be the flood protection
offered to the four industrial establishments with over 900 employees, and
the Cumberland waterworks, currently occupying the Berkeley Industrial
Park. The level of protection provided by the project would exceed by 3
feet the 1955 flood level that inundated the project area. Currently, 20
acres of the industrial park lie vacant and their development would be
more appealing with flood control protection. The project would also
protect from washout the existing Blackstone Valley Sewer Interceptor,
which is on the edge of the river. Safe operation of the Cumberland water
supply during standard project flood conditions would be permitted by dike
construction.

The dike and concrete wall would cover 11 acres of habitat for local
wildlife including woodland and disturbed land with herbaceous and shrub
cover. Approximately one-quarter acre of river bottom would be filled by
the dike alignment. The aquatic habitat lost and river sedimentation
during construction are considered a minor impact since river water
quality is substantially degraded.

The project would cause changes in river stages and velocities
adjacent to the dike. These changes may impact adversely on the historic
Blackstone Canal adjacent to the river. The canal's towpath dike has
eroded in several locations in the past, especially downstream of Martin
Street Bridge.

Evaluation And Trade-Off Analysis

The plan fully meets the planning objective to provide SPF protection
for the industrial park from about 1985 to 2085. The plan's average
annual net benefits provide a positive contribution to the
national economic development objective. The plan does not significantly
impact on the environment. The flood protection provides a positive
contribution to social well-being by preventing substantial lost employ-
ment in the event of flooding. This also contributes to regional
development as would the opportunity for industrial growth.

The plan is acceptable to the three flood-prone industries, the town of
Cumberland and State of Rhode Island. The town of Lincoln's conservation
commission has voiced opposition to the project believing that it would
impact on the historic canal.

The plan, complete within itself, can provide flood protection to
the SPF level, provided the gates are closed and the pump is operated.
The plan is effective and efficient in accomplishing the planning
objective since it was technically designed to meet the desired level of
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protection for an urban area, it is economically feasible with a
benefit-to-cost ratio above unity, and it does not significantly impact
adversely on the environment.

The plan is very stable since benefits allocated to the plan do not
include potential growth benefits, and the plan is desired by those most
affected by it. The plan also has a surplus in net benefits which would
offset some additional costs for measures which may be required during
advanced engineering and design and construction.

The most significant tradeoff is the prevention of $794,100 of
average annual damages for the three industriew, while increasing damages
upstream by $96,000.

Mitigation Requirements

The loss of 8 acres of wildlife habitat from the dikes and walls would be
totally replaced by replanting the landward side of the dike. The visual
impact from these structural measures would be greatest on Martin Street
and smaller on the Blackstone River towpath.

The proposed structural plan calls for minor realignment of a base-
ball field and two access roads near the riverbank.

The plan's effect of raising flood stages upstream could be reduced.
Implementation of Plan A would require that residents be contacted to
determine an acceptable solution, such as relocation from the flood plain;
and the town and Corps would coordinate with Owens-Corning Fiberglas
Corporation to reach a solution.

Construction of the local protection structures may increase erosion
of the west bank of the Blackstone River, with possible impact on the
Blackstone Canal. It may be necessary to repair or protect some canal
segments.

Implementation Responsibilities

The steps necessary to implement project authorization and construction

of the structural plan of improvements would include:

Review of this report by higher Corps of Engineers authorities

such as the Board of Engineers for Rivers and Harbors and the Office of
the Chief of Engineers.
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* Following subsequent review by State and other Federal agencies,
the final report of the Chief of Engineers would be forwarded by the
Secretary of the Army to Congress, subsequent to his seeking the comments
of the Office of Management and Budget regarding the relationship of the
project to the President's program.

• Congressional authorization of the flood control project would
then be required. This would include appropriate review and hearings by
the Public Works committees.

. If the project were authorized, the Chief of Engineers would then
include funds, when appropriate, in his budget requests for design and
construction of the project.

. If the Congress appropriated the necessary initial funds, formal
assurances of local cooperation would be requested from non-Federal
interests.

. Advance engineering and design studies would be initiated, project
formulation reviewed, and the plan reaffirmed or modified to meet the then
current conditions.

" Surveys, materials investigations, and preparation of design

criteria, plans, specifications, and an engineering estimate of cost would
then be accomplished by the Division Engineer, bids invited, and a
contract awarded. At that time, the necessary local actions would be
required.

* Following completion of certain sections of the project, local
interests would be responsible for their operation and maintenance.

It is not possible to accurately estimate a schedule for the above
steps, which could take 7 to lU years, because of the variables in the
reviewing and funding processes. Once the structural project is
authorized and initially funded, at least I to 2 years, it would be
possible to complete design and construction within a 3-year period if
adequate funds were available. It should be pointed out that an
environmental assessment would accompany the final report of the Chief of
Engineers.

Cost Allocation

All costs of this structural alternative Pre allocated to flood
control.
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Cost Apportionment

The apportionment of costs between Federal and non-Federal interests
reflects Federal water resources policies, which consider the responsi-
bilities of both Federal and non-Federal entities. Cost of the project
may be apportioned between Federal and non-Federal interests. Two cost
sharing policies may be followed:

a. Existing Cost Sharing Legislation: Under existing legislation,
construction costs allocated to flood control would be paid by the Federal
Government. Lands, easements, rights-of-way, relocations, and operation
and maintenance costs would be a non-Federal responsibility.

b. President's Cost Sharing Policy: Under this policy, the State of
Rhode Island would contribute 5 percent of construction costs allocable to
flood control. In addition, the local sponsor (in this case the town of
Cumberland) would contribute 20 percent of flood control construction
costs. Lands and damages are shared in the same manner as construction
costs. Operation and maintenance costs would be a non-Federal respon-
sibility for flood control.

The Federal and non-Federal share of the construction, operation,
maintenance and interim replacement costs for the two cost sharing
policies follow.

TABLE 4

PLAN A - COST APPORTIONMENT

Existing President's

Legislation Policy

Federal First Cost $5,916,000 $4,606,000 (752)
Non-Federal First Cost 226,000 1,536,000 (25%)
Total Plan First Cost $6,142,000
Non-Federal O&M Cost $16,700/yr $16,700/yr

Federal Responsibilities

The Berkeley structural project would be constructed by the Federal Government
and turned over to the town of Cumberland for operation and maintenance.
Subsequent Federal cost would consist of Federal personnel costs for
inspection of the project.

Non-Federal Responsibilities

The measures that would be required of the localities to prevent
encroachment within the flood zone are:
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a. Enforcement in all downstream reaches of the 100-year flood plain
and the other basic requirements of the National Flood Insurance Program.

b. Publicizing flood plain information in the area concerned and
providing this information to zoning, banking and other groups for their
guidance and leadership in preventing unwise future development in the
flood plains, and in adapting such regulations as may be necessary to
insure compatibility between future development and protection levels
provided by the project.

c. At least annually, informing affected interests regarding the
limitation of the protection afforded by the project.

As the benefits accruing to the Berkeley structural project
would entail the conditions of local cooperation in accordance with
Section 3 of the Flood Control Act of 1936, as amended, and in conformance
with the policy expressed in EM 1120-2-101, local interests would be
required to give assurances satisfactory to the Secretary of the Army that
they would:

a. Provide without cost to the United States, all lands, easements,
and rights-of-way necessary for coristruction of the project;

b. Hold and save the United States free from damages due to the
construction works;

c. Maintain and operate all the works after completion in accordance
with regulations prescribed by the Secretary of the Army;

d. Provide, without cost to the United States, all alterations and
replacements of existing utilities including bridges, highways, sewers and
railroad modifications and relocations other than railroad bridges and
their approaches; which may be required for the construction of the
project;

e. Prescribe and enforce regulations to prevent encroachment of both
the improved and unimproved channel;

f. Prohibit encroachment on project ponding areas and, if the
capacity of these areas is impaired, promptly provide substitute pondng
capacity or equivalent pumping capacity without cost to the United States;
and

g. Comply with the requirement specified in Sections 210 and 305 of
Public Law 91-646, 91st Congress, approved 2 January 1971, entitled,
"Uniform Relocation Assistance and Real Property Policies Act of 1970."
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Public Views

Views of Federal Agencies

The Berkeley structural project, Plan A, is supported by the
U.S. Department of the Interior, Fish and Wildlife Service. They have determined
that the project would have no severe impact upon fish and wildlife

resources due to the urban character of the area and the low fishery
values resulting from pollution.

Views of Non-Federal Agencies

The Berkeley structural project is supported by the town of Cumberland and by

the State of Rhode Island with the cost sharing policy under existing
legislation only, but is not supported under the President's proposed
policy. The town of Lincoln's conservation commission believes that the

structural measures are a threat to the Blackstone Canal on the Lincoln

side of the river and are not feasible from an environmental or economic
viewpoint.

PLAN B - BERKELEY NONSTRUCTURAL PLAN

Plan Description

The nonstructural plan with a project life of 20 years would provide

flood damage protection to four buildings or areas up to a 100-year

frequency event similar to the 1955 flood. The plan of protection, shown
on Plate 5, protects the following areas:

Area 1 - Roger Williams Company

The project involves the construction of 700 feet of a 6 to 7.5-foot

high "I" or "T" wall. The wall would be located on the west side of the

complex and inclose 2.25 acres of paved parking and loading area. This

would include two vehicular stoplog gates, 40 feet wide to form a closure

in times of flood and to provide passage of traffic during normal times.

The north, south and east sides of the structure would be protected by
waterproofing measures and the use of temporary flood shields, 2.75 feet

high. A pump would be provided to remove interior runoff in the parking/

unloading area. The first cost of the plan is $624,100 (Table 5).
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TABLE 5

PLAN B - FIRST COSTS AND ANNUAL CHARGES
(JUNE 1981 PRICE LEVEL)

Health-Tex Roger Williams Okonite Co. Pump Station

FIRST COSTS

Lands & Damages $ 22,000 $ 22,200 $15,200 -0-
Waterproofing $ 34,500 $ 21,700 $24,000 $2,100
Floodwalls 198,900 287,300 3,000 -O-
Flood Gates 60,000 47,500 -0- -0-
Flood Shields 19,800 4,800 4,500 3,600
Pump Station 20,000 40,000 -0- -0-

Subtotal, excl. L&D $333,200 $401,300 $31,500 $5,700
Contingency, 202 66,600 80,200 6,300 1,100

Subtotal $399,800 $481,500 $37,800 $6,800
E&D, 15% 60,000 72,200 5,700 1,000
S&A, 10 40,000 48,200 3,800 700

Subtotal $499,800 $601,900 $47,300 $8,500

First Cost Incl.
L&D $521,800 $624,100 $62,500 S8,500

ANNUAL CHARGES

Interest & Amort.
@ 7-3/8% @
20 yrs. (0.097) $ 50,600 $ 60,500 $ 6,100 $ 800
Oper. & Maint. 500 600 -0- -0-
Interim Replace. 100 200 -0- -0-

TOTAL ANN. CHARGE:
@ 20 yr. Life $ 51,200 $ 61,300 $ 6,100 $ 800
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Area 2 - Health Tex, Incorporated

The protection includes the construction of 430 feet of a 7.5-foot
high "I" or "T" wall. Located on the north side of the complex, it would
inclose 0.65 acres of paved parking and loading area. Two vehicular
stoplog gates with 40-foot openings would be provided to form a closure
during times of flood. During normal times, complete access would be
available. The east, south, and west sides of the building would be
protected by waterproofing measures and the use of temporary flood shields
2.75 feet high. A pump would be provided to remove interior runoff in the
parking/unloading area. The first cost of the plan is $521,800.

Area 3 - The Okonite Company

The protection includes the construction of 160 feet of a 2-foot high
gravity wall with flood shields on the south side of the complex. The
rest of the building would be protected by waterproofing measures and the
use of 8-inch temporary flood shields. The first cost of the plan is
$62,500.

Area 4 - Municipal Pumping Station

The pumping station will be protected by a combination of water-
proofing and a flood shield, at a first cost of $8,500.

A flood warning system would be employed to alert the town and
industries of the impending floods, so employees could be evacuated and
appropriate closures could be made. Flooding is expected to start 12
hours after an internal rain with flood peaks reached after 24 hours.

Flood plain zoning would continue to be enforced by the town of
Cumberland.

Impact Assessment

Plan B would provide flood damage protection to the four areas up to
a 100-year frequency flood. Although employees would have to evacuate the
buildings, they could return to work once floodwaters recede and access
routes are opened. The economic feasibility of each area being protected
is shown in Table 6. Each area demonstrates a benefit-to-cost ratio
greater than one, indicating it is economically justified. Each area of
the total plan provides positive contributions to national economic
development.
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TABLE 6

PLAN B - ECONOMIC ANALYSIS
June 1981 Price Level

Health-Tex Roger Williams Okonite Co. Pump Station
Total Annual
Physical Losses: $386,900 $131,200 $70,900 $1,300

Average Annual
Benefits, Plan B $200,300 $ 77,800 $21,500 $ 800
Average Annual Cost $ 50,600 $60,500 $ 6,100 $ 800
Average Annual Net $149,700 $17,300 $15,400 -0-
Benefit

Benefit-to Cost Ratio 4.0 to 1 1.3 to 1 3.5 to 1 1.0 to 1

The construction effects would be minor and include increased dust,
exhaust fumes, noise levels and truck traffic. The ringwalls have a
minimal effect on u, tream flood stages and would not provide protection
for the sewer interceptor, the railroad tracks or the Berkeley Oval
Park. The ringwalls constructed around the existing parking and loading
facilities would interfere with future expansion of present facilities.

Evaluation And Trade-Off Analysis

There would be no significant impact on the environment as a result
of the plan. Social benefits would include advanced warning and
opportunity for evacuating the areas and earlier return to work after
floodwaters recede. Floods in excess of a 100-year event would inundate
the four areas, although such events are rare. Regional benefits would
accrue to companies dependent on the receipt of groceries, wire and
clothing from the three industries and to consumers of the uninterrupted
water supplies to sections of the town.

The major impact of the nonstructural measures composing Plan B would
be a reduction in damages to buildings and contents up to the 100-year
event. Plan B basically would only protect the three existing industrial
establishments and the town pumping station. Therefore, flooding in this
area would still continue. Although water would no longer enter the
buildings, severe flooding would cause shutdowns by denying employees
access to these plants. No protection would be offered to the Berkeley
Oval Park, the Providence and Worcester railroad tracks, and the sewer
interceptor. The continued flood threat in this area would restrict the
development potential of the vacant land lying in the industrial park.

Since the nonstructural measures, particularly construction of
floodwalls, require some structural activities, typical construction --

related effects (i.e., increased temporary employment, increased noise and
air pollution levels, increased heavy truck traffic in local roads) would
be experienced over the short term.
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The plan would provide a high degree of protection, although it does
not totally meet the planning objective for rare events exceeding a
100-year frequency. The project life is estimated at 20-years. The plan
provides positive contributions to the national economic development
objective. The plan does not create significant adverse impacts on the
environment. It does provide positive contributions to social and
regional development.

The plan is complete within itself, providing 100-year flood level
protection to the four areas provided flood shields and gates are
closed. The plan is effective and efficient in accomplishing a high level
of protection and is economically feasible. The plan is stable since
economic justification is not dependent on growth projections and is
acceptable to those most affected by it. If the plan should be recom-
mended, more detailed investigations would be needed to substantiate the
adequacy of existing walls and floor slabs to sustain water pressures.

Mitigation Requirements

Implementation of the nonstructural measures would have no effect on
wildlife habitat and would not cause any erosion of the land. The visual
impact from the floodwalls would depend upon the style of the wall
selected and the condition of the building it encloses. There would be no
significant increase in the flood stage upstream with implementation of
this plan. Therefore, no significant mitigation measures are required.

Implementation Responsibilities

Plan B could be implemented under the Corps' continuing authority of
Section 205 and under Section 73 of Public Law 93-251. Section 205 of the
1948 Flood Control Act, as amended by Section 61 of the 1974 Water
Resources Development Act, provides authority to the Chief of Engineers to
construct small flood control projects that have not already been specifi-
cally authorized by Congress. Each project selected must be complete
within itself and be economically justified. In addition, each project is
limited to a Federal cost of not more than $2 million, except where the
project area has been declared a major disaster area during the 5-year
period preceding the authorization date, in which case the Federal cost
limit would be $3 million. This Federal cost limitation includes all
project-related costs for investigations, inspections, engineering,
preparation of plans and specifications, supervision, administration, and
construction.

Section 73 of Public Law 93-251 and the revised Water Resources
Council's Principles and Standards require that nonstructural solutions be
considered in the planning and formulation of all flood damage reduction
plans. A flood control project plan, including nonstructural measures as
contemplated in Section 73(a),can be considered and recommended for
accomplishment under Section 205. As directed by Section 73, costs for
flood damage reduction are shared 80 percent Federal and 20 percent
non-Federal.
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Cost Allocation

All costs are allocated to flood control.

Cost Apportionment

Cost apportionment of first costs and operation and maintenance
between Federal and non-Federal interests for the nonstructural plan are
summarized in Table 7.

TABLE 7

PLAN B - COST APPORTIONMENT

Federal First $ 973,500 (80%)
Non-Federal First Cost 243,400 (20%)
Total First Cost (Areas I to 4) $1,216,900

Non-Federal Average Annual $1,100

Operation and Maintenance

Federal Responsibilities

Other than the financial obligations, the Federal Government would
install the floodproofing measures in the affected structures. In addition,
the Federal Government would provide technical assistance to assure proper
the operation and maintenance of the system. This would include correct
installation of flood shields on doors and windows and proper sealing of
other openings.

While participation in the National Flood Insurance Program is a
local responsibility, the Federal Government would provide technical
assistance and guidance. This would include encouraging all basin
communities to consider additional land use controls and to participate in
the flood insurance program.

Non-Federal Responsibilities

Formal assurances of local cooperation similar to those required for
regularly authorized projects must be furnished by a local sponsoring
agency. The local sponsor must be fully authorized under State laws to
give such assurances and be financially capable of fulfilling all measures
of local cooperation. As a project is dependent upon local cooperation
and participation, the importance of the existence of a legally authorized
and financially capable local sponsoring agency cannot be
overemphasized. The sponsoring agency must agree to:

1. Provide without cost to the United States all lands, easements,
rights-of-way, utility relocations and alterations, and highway or highway
bridge construction and alterations necessary for project construction.
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2. Hold and save the United States free from damages due to the
construction, operation, and maintenance of the project except where such
damages are due to the fault of the United States or its contractors.

3. Maintain and operate the project after completion without cost to
the United States in accordance with regulations prescribed by the
Secretary of the Army.

4. Assume full responsibility for 25 percent of all project costs
and for all project costs in excess of the Federal cost limitation. The
Federal cost limitation includes costs of all investigations, planning,
engineering, supervision, inspection, and administration involved in
development and construction.

5. Prevent future encroachment which might interfere with proper
functioning of the project for flood control.

6. Provide a cash contribution for project costs assigned to project
features other than flood control.

7. Comply with Title VI of the Civil Rights Act of 1964 (78 Stat.
241) and Department of Defense directive 5500, II issued pursuant thereto
and published in Part 300 of Title 32, Code of Federal Regulations.

8. Comply with the requirements of non-Federal cooperation specified
in Sections 210 and 305 of Public Law 91-646 approved 2 January 1971
entitled the "Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 1970."

9. Satisfactory written assurances of local cooperation will be
obtained by the Federal Government prior to requesting funds for
construction of an approved project. Such assurances do not commit the
Federal Government to construction of the project.

The individual owner would be responsible for making sure that the
floodproofing measures are properly placed in the event of an impending
flood. All seals should be made ready and the occupants ihould be ready
to evacuate if the situation warrants such action.

Local communities would be responsible for publicizing flood plain
information as well as emergency evacuation information. The local
interests should also discourage any future unwise use of the flood plain.

Public Views

Views of Federal Agencies

Federal agencies will have an opportunity to review the plan during
preparation of the Detailed Project Report under the Corps' Section 205
Study.
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Views of Non-Federal Agencies

The Mayor of Cumberland, the town council and industry representa-
tives reviewed the plan during meetings with the Corps on 16 June and
1 July 1981. The plan was generally supported and two industries
indicated their savings from flood insurance could help defray costs.
By letter dated 31 July 1981 (attached) the Mayor acknowledged support of
the plan.
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COMPARISON OF DETAILED PLANS

The Berkeley Local Protection Plans A and B were found to be
economically, technically and socially feasible and more acceptable than
future conditions without a plan of improvement. Both plans would
provide a high degree of flood protection to the three Berkeley industries
and town pumping station. Table 8 provides a comparison between Plans A

and B. The most significant differences are the levels of protection,
first costs, impacts on flood stages and implementation.

Both plans would provide flood protection against a recurrence of the
flood of record, about a 100-year frequency event. In addition, Plan A
would provide protection up to an SPF event, about 3 feet above the 1955
event over a 100-year project life. Plan A would also remove the Berkeley
industrial area from the flood plain by construction of the dike, thus
providing opportunitloq for growth. Plan B would protect only the areas
or buildings floodproofed over a 20-year life.

The first cost of implementing Plan A is $6.14 millionwhile Plan B
is $1.22 million. Both plans are economically justified with positive
contributions to national economic development.

Neither plan would significantly impact on the environment. Plan A
could impact on the historic Blackstone Canal, by contributing tc slope
erosion of the towpath dike.

Plan A would have regional impact by increasing flood stages upstream
at a residence and at Owens-Corning Fiberglas Corporation. Mitigation
measures, if required, would be developed during detailed engineering.

Several significant differences are associated with implementation of
the plans, including the process and certainty of implementation. Plan A
would require Congressional authorization and funding. If so authorized,
a structural plan would require 7 to 10 years to complete. The certainty
of implementation is a major question. Non-Federal interests support Plan A
provided it is authorized under traditional cost sharing (with non-Federal
interests paying lands, damages and relocations). However, all indications
are that the current Administration's policy will be similar to that of the
former Administration (i.e., first costs shared /5 percent Federal,
25 percent non-Federal). It is likely that Congress will support the
Administration's cost sharing rather than the traditional policy.

Plan B would require approval and funding under the Corps' continuing
authority of Section 205 of the 1948 Flood Control Act, as amended. If
so authorized, a nonstructural plan could be implemented in 3 or 4 years.
Cost sharing would be 80 percent Federal and 20 percent non-Federal.
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TAILS 8

SMUT CONPARISON 01 FlN ALTERNATIVE PLANS

IESELEV LOCAL PROTECTION PIOJECT

Without
Condition Plan A Plan I

A. Plan Description No Action SPP Structural Plan, 5100 LF Levee 100-year onustructural lam, Vaterpreofing
Pump, Gate and Warning System and Waming Systems

I. lepset Aeseasment

NED: Project First Cost - $6,142,000 $1,216,900

*Rcurrlng 1955 Damaes $28 million None nlZ

D amges if SP event $51 million NoVe $51 dllion

E bitat Lost -- S Acres nil

SE Flood Protection Offered Average 3 feet above About 1955 flood level

•Bealth A safety - 1955 flood level
RD: Jobs Protected - About 900, during all events, About 900, up to l0"-peer event

plus multiplier effect plus multiplier effect

* Promote Industrial Growth - Yes so

C. Plan Evluation

1. Contribution to Planning None Provides maximum flood protection Provides intermediate protection to 3

Objectives to 4 industrial buildings, town industrial buildings and town pump from
.S. pump & sewer interceptor 1985 - 2005
from 1985 - 2085

2. Not Beneficial/Advarse Effects (Preliminary)

NED: Average Annual - beaeneit $698,100 $ 300,400

Costs 517300 S16 000
NED Not Benefits $1082,'00

EQ. Environmental Impacts nil nil

SUS: Social Well-Being/Cultural minor impact on historic canal nil

at 100-year event

RD: Regional Development Complete protection to jobs, Partial protection to jobs/buildings

buildings and regions retailers and regions retailers

Increase Flood Stage at Ovens- None 100-year by 0.7 feet None

Corning Fiberglas Corp.,Ashlad SPI by 1.7 feet

(Average Annual Loss Increase) ($96,000)

3. Plan Response to Evaluation
Criteria

* Acceptability of Plan Federal/State/local support; Town Town and local support.
support under legislated cost sharing
only -- not under President's Policy.

P lan Completeness Yes - v/advanced warning and gate Yes (came)
closure

* Effectiveness/Efficiency Nigh protection & high first cost Moderate protection u/low first cost

* Certainty of Implementation moderate to high w/Congrese. High v/Corps action and State/local

Action 4 State/local support support.

for President's Policy (very low

certainty u/legislated cost share).

- Geographic Scope Regional impact on retailers by Sees, except shut down until flood-
protecting distributors waters recede.

NED Benefit-to-Cost Ratio (SCR) 1.4 to 1 2.5 to 1

Stability of Design/Plan Very stable, due to Stage 3 detail Structural stability of wells to
vithetand water presures will be
determined during Section 205 studies.

4. Making of Plans

National Economic Development 2 (1) Similar net benefit, highest SCR

Eaviromental Quality 2 1- Least impact
Social Vall-Being 1 - Maximum protection 2

Regionel Development I - "aximu Job protection. 2

promote growth

0. Implemetatloa ReeponeibIlitiea

Process Extensive report review Complete detailed planning

Congressionel authorization and Llmlted report review

funding Corps authorised funding
Local assurances and funding Local assurances and funding

Project Completed 7 - 10 years 3 - 4 years

Cost Sharing (Preliminary)

1. Le islted
•Federal irs Coat $5,916,000 $973.500 (801)

Non-Federal lirst Cost $ 226,000 $243.400 (202)
($168K - Leads & SeIges; (059K lands, Demages A teloetiom)

$58K - Ioed/Utlities Relocation)

. eoa-Pederel Operation & Maintenance,

Replacements $ 16.700 $1.100

2. presiden*t Poli

rnl iret" Cost (752) $4,606,000 N/A
Non-Federal First Cost (231) $1,536,000
Non-Pederal Operations & Neintenence,
Replacesents $ 16,700 N/A
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The town of Cumberland and industry representatives from Roger
Williams Foods and Health-Tex recognized the problem of supporting Plan A
for implementation under traditional cost sharing and the potential delays
in implementation, if at all. They concluded that Plan B was better than
no protection and should be pursued under the Corps' small flood control
project authority.

RATIONALE FOR DESIGNATION OF NED PLAN

Plan B is designated the National Economic Development (NED) plan
since it produces contributions to National Economic Development, similar
to those of Plan A, but has the higher benefit-to-cost ratio.

RATIONALE FOR DESIGNATION OF EQ PLAN

Plan B is designated the Environmental Quality (EQ) plan or least
environmentally damaging alternative since it has the least impact on
Environmental Quality.

RATIONALE FOR THE SELECTED PLAN

Plan B is designated the selected plan, since it is supported by the
town and local industries and is implementable under existing Corps
authority upon approval of a Detailed Project Report. The plan also
produces net economic and environmental benefits.
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CONCLUSIONS

The Blackstone River Watershed Study component of the overall
Pawtucket River and Narragansett Bay Drainage Basins (PNB) Study reviewed
some 40 potential projects to meet the flood control and other water
resource needs in the study area. The investigation determined that local
flood protection plans for the Berkeley Industrial Park in Cumberland,
Rhode Island were the only plans to produce net economic and environmental
benefits. Although the town of Cumberland supported the $6.1 million
structural solution for Berkeley involving 5,100 feet of dike and walls,
the non-Federal cost under the proposed cost sharing policies was beyond
the financial resources of the town. The town therefore requested the
Corps by letter dated 31 July 1981 to pursue the $1.2 million non-
structural solution involving 1,290 feet of ringwalls and flood proofing

for three buildings and the town pumping station under Continuing
Authority of Section 205 for small flood control projects.
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I * SUMMRY

The Blackstone River Basin study has investigated the problem of
recurring flood damages throughout the basin. Through preliminary
engineering analysis of potential flood damages and the costs involved
in preventing these damages at the most critical sites in the basin,
structural flood protection measures could only be economically Justified
for the Berkeley Industrial Park. (The cost-benefit analysis for each
site studied is discussed in detail in the Main Report.)

The Berkeley Industrial Park is located on the east bank of the
Blackstone River, Cumberland, Rhode Island. The park is approximately 15
miles north of Providence, Rhode Island and 45 miles southwest of Boston,
Massachusetts.

The structural plan (Plan A), calls for protecting the industrial
park from flood damage by constructing 3,590 feet of earthfilled dikes,
1,450 feet of concrete floodwall, a pumping station for interior drainage,
a vehicular gate and two railroad gates. The structural plan involves the
following adverse impacts:

1. Approximately 8 acres of land would be covered by the proposed
dike and concrete wall. The result would be a loss of habitat for local
wildlife. This impact would be mitigated by planting the interior portion
of the dike with plants best suited for wildlife habitat. Another 2.5
acres would be disturbed for temporary rights-of-way. This acreage would
be revegetated following construction completion.

2. During construction, turbidity would increase in the Blackstone
River, but the existing levels are presently so high that any increase
would have minimal effect.

3. Approximately 10,500 square feet of river bottom would be filled
to allow for better alignment of the dike. This aquatic habitat would be
lost, but since the river Is substantially degraded, the loss would be
minor.

4. Heavy truck traffic would increase due to the hauling of fill.
The route over which the fill would move is already heavily traveled,
consequently the increase should be Insignificant.

5. Realignment of the access road to the Health-Tax, Incorporated
industrial plant would require the realignment of one baseball diamond i*
the town of Cumberland, Rhode Island's recreation area.

6. Existing vegetation along 4,000 feat of the eat bank of the
Blackstone River would be lost. Only 1,500 feet is woodland and the
remainder Is disturbed land with herbaceous and shrub cover.
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7. The dike and wall would restrict the existing river channel,
raising flood levels upstream from Martin Street Bridge to Ashton Dem by
approximately 0.7 feet for a 100-year storm and 1.7 feet in a standard
project flood (SPY).

The direct benefits from Plan A would include:

1. Flood damage prevention to those companies behind the dike and
the resultant financial benefits to the comunity in general.

2. Flood damage prevention for a segment of the Blackstone Valley
Interceptor sewerline.

3. Prevention of floodwater damage to the town of Cumberland water
supply well and the Owens-Corning Fiberglas Corporation well.

4. Reduction of flood damages to a 5,000-foot segment of the
Providence and Worcester Railroad right-of-way.

An unresolved issue involves the Impact of the dike and wall on the
Blackstone Canal, through the now unknown erosive effect of constricted
and redirected riverflow during high river stages, and increased river
velocity below Martin Street Bridge during flood flows. The nonstructural
plan (Plan B) would be limited to a combination of floodproofing and
ringwalls for each building in the damage area. Impacts of this plan are
expected to be minor.
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Ii. NEED FOR AND OBnCTIVES OF ACTION

PUBLIC CONCERNS

Since 1936, four significant floods have occurred along the lower
reaches of the Blackstone River (see Main Report for flood history
data). The March flood of 1936 had two peaks. The first was on 13 March,
when rain combined with melting snow caused 14,200 efs of water to flow
through the Woonsocket gaging station. The second flood peak came on
19 March, when 15,000 efs were recorded; this latter peak was due
primarily to rainfall. The basis for these floods was established in
December through February when temperatures were below normal, and
considerable snow cover persisted over the basin. The Woonsocket gaging
station, located about 6 miles above the Berkeley Industrial Park, has
records revealing that from 1929 through December 1973, the mean monthly
flows varied from 270 cubic feet per second (cfs) to 1,519 cii with a
monthly average of 725 cfa.

During July 17-25, 1938 a series of showers and thunderstorm
deposited various amounts of rain over the eastern seaboard. Total
precipitation exceeded 10 inches through eastern Connecticut, Massachu-
setts and northwestern Rhode Island. Although each storm was not
unusually intense, they did come in rapid succession which did not allow
sufficient time for the streams to subside.

In August 1955, two hurricanes--Connie and Diane--moved up the
eastern seaboard within a week of each other. The highest recorded flow
of 29,600 cfs on 19 August 1955 (see photo), was more than twice as great
as any recorded before or since that time.

Following the 1955 flood, four Corps projects were constructed and
put into operation: West Hill Dam and Reservoir, the Worcester Diversion
Project and local protection projects for Upper and Lower Woonsocket.

Areas still vulnerable to damage from recurring storms include
Northbridge, Uxbridge, Millville, and Blackstone, Massachusetts, as well
as Cumberland, Lincoln, Central Falls and Pawtucket, Rhode Island.
Without adequate controls of development in the flood plain areas of these
communities, urban growth has continued, increasing the demand for flood
protection measures. The March 1968 flood, which produced a peak
discharge of 15,400 cf. at Woonsocket, accelerated and expanded both
Congressional and local interest in solving the growing flooding problems
in the Blackstone River Basin.

STUDY AUTHORIZATION

In 1970 seven outstanding Congressional resolutions wre combined and "'
adopted into one resolution by the Committee on Public Works of the US
Senate. The 1970 resolution requested the Board of Engineers for Rivers
and Harbors to review the advisability of improvements for flood control,
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navigation, water supply, water quality control, recreation, augmentation
of low flow, and other allied water uses within the Pawcztuck River Basin,
Rhode Island and Connecticut, and in the Narragansett Say Drainage Basin,
Massachusetts and Rhode Island.

The Blackstone River Basin study component Me attempted to identify
significant flood problem areas, analyze the feasibility of providing
various flood protection or prevention measures at these sites, and
finally developing a recommended protection plan for those sites where
flood protection is shown to be economically and environmentally justi-
fied. The following section outlines those alternatives which were
considered in the planning process.

)
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III. ALTERNATIVES

A. PLANS ELIMINATED FROM FURTHER STUDY

Preliminary studies of the Blackstone River Basin analyzed several
possible corrective measures for solving specific flood control
problems. These measures are outlined in detail in the Main Report and
are summarized as follows:

1. Reservoirs - one method investigated to relieve flooding and
solve other problems was through flood control reservoirs. Three
reservoir sites were identified: Lackey Reservoir in Douglas, Massa-
chusetts and Nipmuc or its alternative Mapleville, in Burrillville, Rhode
Island. All three sites were found to be socially and environmentally
unacceptable and not economically feasible due to the number of private
homes that would have to be taken for reservoir lands and structures.

2. Local Protection Works - providing flood protection for high-risk
flood prone areas by means of walls or dikes was studied at nine sites in
the Blackstone River Basin. Of the nine sites studied, only the protec-
tion of the Berkeley Industrial area in Cumberland, Rhode Island was found
to be economically feasible for further study.

3. Channel Modification - An alternative to local protection at
Ashton Dam and Berkeley was a plan to widen and deepen the river channel
in c~njunction with rewnval of Pratt Dam and railroad bridge. By removal
of these structures, upstream floodwater levels would be lowered some-
what, but local protection would still be needed at Berkeley, a new bridge
would be required at Martin Street, and flood levels would increase at
Valley Falls Pond. Therefore, this plan was not continued.

4. Removal of Sayles Finishing Company Dam - removal of this Central
Falls, Rhode Island dam would reduce river flood stages from the dam site
to Martin Street Bridge. Removal of the dam would also drain much of
Valley Falls Pond and the Valley Marshes, an area recently acquired by the
Rhode Island Department of Environmental Management as the first step in
the development of a linear park along the Blackstone River/Canal. This
and other impacts have eliminated this proposal from further study.

5. Removal of Pantex Dam - removal of this dam would not lower
upstream flood levels sufficiently to justify the cost as a separate
project element. Therefore, this alternative was not studied any further.

6. Modifications of Old Slater Mill Dam - this proposal involved
replacement of the existing dam that is a part of the historic sill area
that was the first successful cotton spinning mill in the United States.
The Old Slater Mill area and dam are now listed on the National Register of
Historic Places. The new dam would include an improved gate structure for
increased floodflow capacity while maintaining the mill pond for aesthetic
and historic reasons.
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A second alternative at this location involved upstream channel slope
protection, raising of floodwalls and floodproofing of buildings. Both
alternatives proved to be economically infeasible.

B. FUTURE CONDITIONS WITHOUT THE PROJECT

The 11 communities along the main stem vulnerable to future flood
damage had a 1980 vopulation of about 190,000, a decrease of about 2.6
percent from the 1970 total of about 195,000.

Future flood plain development in the river basin will be subject to
regulation through participation in the National Flood Insurance Program.
The communities of Lincoln, Central Falls, Pawtucket and Cumberland, Rhode
Is3snd, and Blackstone and Millbury, Massachusetts are currently under the
regular phase of this program. This indicates that these communities have
established flood plain management regulations aimed at reducing future
flood losses within the 100-year flood plain. The communities of Sutton,
Grafton, Northbridge, Uxbridge, and Millville, Massachusetts are under the
emergency phase and will be placed in the regular phase when flood areas
are clearly designated. At that time, the communities will also be
responsible for establishing and enforcing the 100-year flood limits. The
Flood Insurance Administration specified minimum requirements which can be
further strengthened with local zoning for controlling development that
will best respond to local and regional interests.

Without a flood control project, the flood problems will persist.
Future urban growth in the upstream watershed will cause increased runoff
resulting in higher flood levels. In other words, a storm of a given
rainfall will cause even greater damage in the future. Dollar damages
that will persist without the project are provided in Appendix 7 of the
main report.

The Berkeley project area is the only area in the Blacketone River
Basin where some Federal activity has been recommended. A complete
description of the future specific to this area in Cumberland is provided
in Appendix 6.

In summary, because of the availability of land elsewhere in
Cumberland, development pressures on the vacant acreage in the Berkeley
area are not expected to be great with or without the project. Because of
the flood threat, requests to further develop this area have been denied,
although the current occupants have been permitted to expand their
facilities under limited situations.

C. PLANS CONSIDERED IN DETAIL

The structural plan (Plan A) would call for construction of 5,100
feet of earth dike embankment, concrete floodwall and flood gates along
the east bank of the Blackstone River to protect 70 acres In the Berkeley
Industrial Park. Specific industries which would be protected are Okonite
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Wire and Cable Company, Roger Williams Foods, Health-Tex, Incorporated,
and Gracious Living, Incorporated (building now owned by Health-Tax,
Incorporated).

The wall and dike would for the most part follow the existing
riverbank. However, a narrow strip of river bottom totaling about 10,500
square feet would be filled to allow for better alignment of these

* structures. The dike would consist of approximately 3,600 feet of earthen
fill with stone riprap on the riverside. The height of this structure
would vary from 10 to 20 feet. The width of the base will vary from 25 to
50 feet, and the top will have a 10-foot wide deck. The wall would be
1,450 feet long and about 16 feet high. This structure will be placed
along the riverside of an existing sewerline.

Other major segments of the proposal include a vehicular ramp over
the dike at Martin Street, a vehicular gate near the southern end of the
dike, two railroad gate structures, an interior drainage system and a
pumping station.

The grade of the ramp at Martin Street, where it approaches the
bridge, would be increased to about 8 percent. This would result in the
ramp becoming a section of the dike. A vehicular gate, which can be
blocked off when flooding occurs, would be constructed near the southern
end of the dike. Two similar structures would be constructed where the
dikes intercept the railroad line.

An interior drainage system and a pumping station would also be
constructed. During normal conditions, ground water and industrial
wastewater would drain directly into the Blackstone River. During floods,
sluice gates would be closed, and all drainage would be pumped over the
dike. The life expectancy of the project is 100 years.

With this plan, the total project cost would be $6.14 million.
Average annual flood damages prevented would tote) $698,100, against an
annual $517,300 cost over the life of the project, resulting in a
benefit/cost ratio of 1.4 to 1.0.

The nonstructural plan (Plan B) would consist of floodproofing
measures for four buildings, combined with walls around parking and
loading areas at three of these buildings. The walls and floodproofing
would provide protection against a 100-year frequency flood,

At the Roger Williams Foods a 700-foot long 6 to 7.5-foot high wall
would enclose 2.25 acres of paved parking and loading area on the west
side of the bulding. Two 40-foot wide stoplog gates in the wall would
provide vehicular access. Flood shields and waterproofing would protect
the north, south and east sides of the building.

7



The Realth-Tex, Incorporated facility would be protected by watet-
proofing measures and temporary flood shields on the east, west and south
sides of the building, and a 430-foot long,- 7.5-foot high wall on the
north side. This wall would enclose 0.65 acres of parkins and loading
area. Two 40-foot wide stoplog gate openings would provide vehicular
access except during flood emergency periods.

Protection of the Okonite Company facility would include
waterproofing and flood shields plus a 160-foot long, 2-foot high gravity
wall on the south side of the complex.

The town of Cumberland municipal pumping station would be protected
by waterproofing and a flood shield.

Under either plan a flood warning system would be instituted to
notify local authorities to close gates when severe flooding Is forecast.
Under Plan B employees of the three industries would have to be evacuated.

D. COMPARATIVE IMPACTS

The following Table 9 outlines in comparative form the impacts of
each alternative and the impact of taking no action.

'I'



TABLE 9

COMPARATIVE IMPACTS

PLAN A PLAN B
Resource No Dike and Ringwalls and
Evaluated Action Wall Plan Floodproofing

Vegetation Probable continued Lone of 4000' of go impact

encroachment upon riverbank vegetation
remaining native plus shrubland. Replant-
vegetation in lag on landward side
flood plain of dike

Recreation No impact Realign one ballfield No impact
on town recreation land

Wildlife o impact Loss of 8 acres of No impact
habitat-mitigated by
replanting 4.4 acres
of improved habitat

Aesthetics No impact. Riparian vegetation Little impact
replaced with rock
covered dike

Historical No impact May cause more erosion No impact
Sites of bank between river

and Blackstone Canal

Erosion No impact May increase erosion No Impact
of west bank

Fisheries No impact Little change No Impact

Air Quality No impact Slight impact during No impact
construction

Flood No protection Protection of 70 acres Protection of
Protection of land, 4 industrial 3 building

buildings and 2 wells industries and
1 well (pumps
sta)

Aquatic No impact Would not significantly No impact
* change already degraded

quality

Hydrology No impact Upstream flood stages No impact
increased up to 1.7.
Downstream increase
slight

9



IV4 AMfCTED ENVII.OIENT

A. BvACKSTONE RIVER BASI- GENERAL

The Blackstone River Basin drains approximately 540 square miless
382 square siles are in Massachusetts and the remaining 158 square miles
are in Rhode Island. The basin is about 46 miles long, and has an average.

*width of approimstely 12 tiles. The river originates near Worcester,
Massachusetts and runs in a southeasterly direction to the tidewaters of
the Seekonk River in the area of Providence-Pawtucket, Rhode Island.

The Blackstone and its tributaries drain the southeastern corner of
Worcester County, and the southwest corner of Bristol County in
Massachusetts. In Rhode Island the Blackstone drains the northern and the
northeastern portions of Providence County.

At Blackstone's headwaters, there are four small tributaries: the
Kettle, leaver and Mill Brooks and the Middle River. Seven major rivers
contribute to the main stem: The Quinsiganond River, the Munford River,
the West River, the Branch River, the Mill River, Peters River, and Abbott
Run.

There are numerous small storage reservoirs in the Blackstone River
Basin that are used primarily for industrial and municipal water
supplies. In addition, many dame were constructed in the 19th century to
provide hydropower for industries along the river's banks. These dams, to
a minor extent, help control flooding. There is one large reservoir
located on the West River in Uxbridge, Massachusetts, which provides flood
protection for communities along the West and Blackstone Riverst

The Blackstone River receives large amounts of treated and raw
domestic and industrial sewage. During periods of low water, over 95
percent of the flow in the stream immediately below Worcester includes
discharge from the Worcester Wastewater Treatment Plant, untreated raw
domestic sewage, and wastewaters from other sources in Worcester. The
river water in this reach is characterized by offensive odors, high
turbidity, high concentrations of suspended and organic material, high
bacterial counts, and low dissolved oxygen (DO) levels. With this initial
load of pollutants and with the many other municipal and Industrial wastes
added along its course, the Blackstone River is considered less than Class
C quality throughout most of its length. Many of the Blackstone River's
tributaries are Class A or B at their headwaters, but are Class D or t
when they enter the Blackstone.

Class A waters are suitable for all types of recreation and are a
source of drinkable water, while Class E waters are substantially
degraded. These standards were established by the Massaehusetta Division
of Water Pollution Control and the Rhode Island Department of Realth,

10
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3. CGIATI 1

The climate varies considerably within the basin. The besft
the path of the prevailing westeulies which bring storms from west Aq
across the United States, During the summer, the westerlies bring 77-
frequent short periods of heavy raine. In the winter the stores last
longer, but usually haave loe precipitation. Coastal storms, called

*nor easters, travel up the Atlantic seaboard In the fall and winter
months. Tropical hurricanes can cause heavy precipitation, although thee.
storm* occur infrequently. Thunderstorms also occur throughout the
basin. The major contributor to flooding, however, Is A combination of
melting snow and heavy rainfall.

The average annual precipitation Is 41 Inches. Extreme month y
averages vary from over 18 Inches to 0.04 inches. Annual snowfall
averages 40 Inches In the southern to 60 inches In the northern portion of
the basin. Although the area receives substantial precipitation, there
still have been periods of serious drought.

The average annual temperature In the Blackstone liver basin to
4901. The average monthly temperature varies from 2301 In January to 73OF1
In July. Extreme temperatures vary from 1001F to 10011F.

C.* TOPOGRAPHY AND GEOLOGY

The basin falls within two major physiographic regions: the Neaw
Ragland Upland and the Narragansett Dlay Basin. The upland region, which
covers more than two-thirds of the area, is moderate In relief with'
elevations generally near 300 feet, but with maximum olevotion's of aver
1,000 feet. Except for changes resulting from glaciation and streii
erosion, the uplands reflect the resistant bedrock. The Narragansett
Basin has low hills and plains; generally the elevations are lees than
200 feet. Bedrock Is of the loe resistant sedimentary type.

The Blackstone River Velley in the vicinity of the industrial perk is
rather broad and flat with the valley walls rising approximately 200 feet
above the flood plain. In this stretch, the river drops uformly At
about 11 feet per mile. Upstream of this area, the river drops approzl-
mately 25 feet per mle*. The topography h*s been extensively modified by
glaciers.

The general geology of the entire basin consists of varioua ipstt
of glacial overburden. Till covers most of the area, but is Stger1
thin on the hills. Water-laid sands and gravels ate primarily in t he
valleys; however, some isolated deposits are scattered at htiher
elevations. Alluvium is confined primarily to the river "ohiaNie
Outcrops of bedrock are commoa. Qenerally the-rotk. are, a cage 4t
metamorphosed sedimentary and Igneous rocks. tncludedi le UILssj
group are granite, diarite, greenstoae, achist, qurtuite, and VeNee
other abundant types. The sedimentar rocks begin just est of tk*
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These deposts U atC least 30 feet deep, al are resting Uspon
bedtock, borngs In the area owoed grounuwiter about 140 feet $eUs'tho
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The Blackstone liver Basin lies near the northern extremIty of the
Appalachian Oak Forest. Oak and hickory dominate most of the hasis with
maple, birch and beech characterizing the adjoining Northern Hardwood
Forest around the western and northern edge$ of the upland.

Outside the urban area, the land Is mostly forested but farmad
pasture lands are scattered about.* The oak-hickory forest land has little
current comse reial value, except for firewood or houselots. Whitesie
valued for timber, is present but is rare.-

The region's extensive and widely scattered upland swamps and maioss
contain a great variety of vegetation, and are valued as wildife bitat
as well as natural drainage regulators*

The Berkeley industrial area Is 80 acres of flood plain which is' "for
the most part, urbanized. Remaining open aroe are dominated by various
grass species (see series of photos). However, the riverbank does have
scattered areas of trees; the primary species are sycamore (Platas
occidentalis), red maple (Acer rubrum), black oak (Quercus veluatina), red.
oak (Q. rubra), and gray birch (Betula populifolia). There is one fWrli,
dense stand of trees along the southern side of the Industrial psak and a,
backwater area that is often flooded In the early spring. Many of thespecies previously mentioned are found in this dense stand and backwater
area. The largest and most visible trees are found In the area, of the
Martin Street Bridge. -

I. FISH AND WILDLIFE

In 1975, the Rhode Island Division of Fish and Wildlife samp-ad' the
fish population and water chemistry at: the Berkeley luduattli bw* (eao
letter dated 16 April 1976 In correspondence, scties). !hpfudtb*a
fish population to consist of the follow1-nVt.,g.1fe (Clob~~
auratus), comn sunfish (Leonia ep.)p brows bUllhed (Utl VM
nebulosus) and white suckers (Catostofoqa eommase NAOsie 1*C pseai
tolerant of adverse conditions, and. the f#loI64A 0atat "*itry V6P*W
substantate this pointi



Stream bank vegetation looking north toward Martin Street
Bridge.

Stream bank vegetation looking north above Martin Street
Bridge.
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Stream bank vegetation southeast section of Berkeley
Industrial Park.

Small backwater southern side of the Park.

___________I



The Blackstone River Barge canal located directly
across from Berkeley Industrial Park.



Date Air Temp. Water Tep.

25 July 1975 78oF 74or 6.9

DO (plm) Total Alkalinity Chloride

5.5 17 45

Dissolved oxygen is extremely important to aquatic organisms. Only
the hardiest fish are able to survive with 5.5 parts per million (ppm) of
DO in the water while species such as trout require at least 7.0 ppm.
Consequently, the Blackstone River at Berkeley Industrial Park is not an
ideal environment for most game fish.

No upland sampling was conducted, but generally the area would be
considered good small animal habitat. The area across the river Is mainly
a mixture of houses and wooded lots.

There are no known rare or endangered species within the area of the
proposed project.

F. SIGNIFICANT RESOURCES

The Blackstone canal, a 19th century transportation route between
Providence, Rhode Island and Worcester, Massachusetts, parallels the
Blackstone River. One of the best preserved sections of this canal is
found in the town of Lincoln, Rhode Island on the west bank of the
Blackstone River across from Berkeley Industrial Park. This canal is on
the National Register of National Historic Places (see correspondence dated
2 February 1977 with State Historic Preservation Office).

Within the Berkeley Industrial Park, the town of Cumberland, Rhode

Island owns a 5-acre recreation area, containing 2 baseball diamonds.
This site provides important neighborhood recreation open spaces for area

residents.

I
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V. ENVIRONMENTAL EFFECTS

Principal environmental effects of the structural plan (Plan A) are

associated with the direct impact of the construction of the earth dikes,
concrete wall and realigned roadways. Secondary impacts are associated
with the long term impacts that the project structures will have on the
river, particularly during floodflow conditions.

The proposed project structures will cover approximately 11 acres of

land that is now mostly vegetated with scattered trees, shrubs and
herbaceous growth characteristic of recently disturbed land. The US Fish
and Wildlife Service considers about 8 acres to be riparian wildlife
habitat, but this habitat is not overly significant. The impact of the
loss of this habitat can be mitigated by revegetating the landside of the
dike with plants suited for wildlife food and cover. This planting, which
would be conducted in cooperation with the Rhode Island Fish and Wildlife
Service, would total about 4.4 acres.

During construction, another 2.5 acres would be disturbed by equip-
ment activity and vehicle access to the work area. These areas would also

be replanted.

Another construction period impact would be an increase in turbidity
and siltation in the Blackstone River. Since water quality is already low
and provides only marginal habitat for fish (see letter dated 16 April
1976 from Rhode Island Division of Fish and Wildlife in Coordination
Section) this impact is expected to be minor.

Approximately 1 S00 square feet of river bottom would be filled to
allow for better alignment of the dike and wall. This fill would be a
loss of aquatic habitat, but the habitat lost is of poor quality and
impact is considered insignificant.

Approximately 121,700 cubic yards of material would be required to
construct the dike, and this would involve a substantial amount of hauling

by trucks. If the trucks used to transport the material carry 15 cubic
yards, then it would require almost 8,200 round trips to haul the fill.
Assuming it would take 45 weeks to complete the moving of the fill, then
it would require 5 trucks a day making 8 round trips. Route 122 is the

road over which this material would be moved. In 1976, the Rhode Island
Department of Transportation, Planning Branch, conducted traffic counts on
Route 122 just below 1-295. (This is approximately 1 mile northwest of
the project area.) They found the average daily traffic connt to be
17,400. Since the route is already heavily used, 40 more round trips par
day will not significantly increase the existing traffic pattern.

14
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Once the project is completed, during high water situations the
restriction or redirection of riverflow caused by the dike and wall may'
erode the opposite bank, resulting in damage to the Blackstone Canal.
Detailed project analysis during advanced engineering and design would
identify potential problem areas and corrective measures, if required.

Present, plans also call for a realignment of the access road to the
Health-Tex, Incorporated facility which would result in the realignment of
one baseball diamond in the town-owned recreation area. Studies during
advanced engineering and design would investigate the possibliity of

*providing another point of access to Health-Tex, Incorporated to avoid
this adverse impact.

The proposed dike and wall would eliminate 80 acres of existing flood
plain, and restrict floodflows to the existing river channel. This
restriction would effectiv'ely reduce floodflow capacity, resulting in an
increase in floodwater levels above Martin Street Bridge with no signif-
icant change in river velocity. The projected flood levels between Martin
Street and Ashton Dam would increase as much as 1.7 feet in a standard
project flood (SPF) and 0.7 feet in a 100-year storm. Downstream of
Martin Street, there would be about a 30 percent increase in river
velocity for a 100-year event with only a slight increase in river stage.

Construction of the project would also result in several beneficial
impacts. The flood protection provided will produce direct benefits to
those companies behind the dike in terms of eliminating damage to goods
and equipment, and preventing temporary loss of jobs. The community in
general also benefits through reduced support service needs during flood
emergencies. The project will also provide flood damage protection to a
vulnerable segment of the Blackstone Valley interceptor sewerline, a water
supply pumping station for the town of Cumberland, a private well owned by
Owens-Corning Fiberglas Corporation, and 5,000 feet of right-of-way of the
Providence and Worcester Railroad.

Environmental effe-te of the nonstructural plan (Plan B) would be
limited to direct impact of construction of 1,290 linear feet of ringwalls
adjoining portions of the three industrial buildings between the railroad
tracks and the Blackstone River. Construction activity impacts would be
minor, as only a small amount of construction merial would be
required. Actual construction would be limited to areas presently
disturbed by industrial activity. Aesthetic impact would be minor, as
wall placement would serve to screen views of parking areas and loading
docks.

15
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OFFICE OF THE MAYOR

FRANCIS R. STETKIEWICZ

July 31, 1981

V CotoneL C. E. Edga/L, III
Diviaion Engineex
u. s. A'cmy Cojtp6 oj EnqineeA
N~ew Engtand PDvi6Zon
425 T~tctpeto Road
Wo.Zthoam, lla-cu6ett6 02254

Pea4 CotoneL Edgan:

Sta66 engineva6 Jwm yovA o6tice met ctlith indu6tAy Aeptezentative6,
town councZL memben6 and my~el6 on 7une 16th and July Ist, 1981, to d.L&-
cubA two atextive ptan'. 6o,% Pnovidin tocaL Aftood puotection iLmpiwovement6
iZn the Betlaetey 6ection o6 Cumbe~rland, Rhode 1.6tand. In e~~ence, PtAn "A"l
i.6 a $6 MWion dikze o6eAWng 6tandand p,%wjeect 6tood puotection jox the
SexIketey zection; Ptan "B" i,6 a $1 MWton pxwposa 6oxz itood prkoojinq and
amaaU waZ& o6e.aZng 100 yea&L Atood piwteetion 6o0% the buidingA. The pkowa
and conA 6oki each ptan Weke cU,6cus&8ed. At the conclwion o6 the Juty 14t
meeting, it kw tequeAted that the town pl'wuide a tetteA o6 endoAnument

4i one oiS the to ptanz.

A Zette'L 06 intent ov. aent to you,% o66icee on Septembeki 18, 1980, en-
douing Plan "A" bazed on tuzditionol co.8t .6ha.'rng tegibtation bat did not
a6uppoatt the ptoject undeL the pt'opoaed co.6t .6hating potiCy bectzUae og the
a6e~iuw 6nanciat bwcden to the comnity~.U. The town toultd a6tit p'te~e th"a
aaviangement, howeven. We wext in~oh~med at the July 14t meeting that the
cwtnent adminiatwuz.on i. p/e.6enttq ptepa~.Zng theZt coat .6ha~.ng poticq.
Indications~ me that ttheht. poicy witU rnou etoa&ety keAembtf- the 6o'~mex
ad4t~awtion'6 poticy (75% Fedexat~, 25% '.on-FedenA&) and that tnaditionat
coAt 4hOaxtng ia vei~q wvZiaety.

We tome atao iLnjoxmed at the mneetings that 6intce Plan "BS" ia undeAi
$2 KWtVon dottan the pitojee-t coutd be puiAued undeA Section 205 authokrJty.
I undenAtand eveitat non-4tkuctuaot pao JectA have kecentty been autho/tized
wnde'L Sectio~n 205 with 6undlng undeL Section 73 (P.L. 93-251) the Wate'
Je~ouAce,6 Vevetopmient Act o6 1974 (80% Fede.'zot, 20% tNon-Fede.~at).

In tight o6 theAe deciion6, thia wiU in6o'tm you that the Townv o6
Cumbenland .6uppoata de-ta.Lled ptannZnq 6wi. Ptan '"8", non6atutwat p.'wpo6aal
604t Spnketey, and aequea6t6 that the atudy be continued undek the autko4Zity
o6 SectiLon 205 06 the 1948 Ftood Cont~t Act ua amended.

C TOWN HALL, CUMBERLAND. RHODE ISLAND 02864



Cotonct C. E. EdgJaA, III
VW~OR EnuitfA

Page Ttiw
Jut# 31, 1981

The Towm o6 CumbeAtand ha& been advLzed .tha~t wldeA the S0t-201 ioz~t
hAing 6o~imuJ.a 60L thi6 p~oject, aunLemdy4 e~timted non-FedeAat co.6ts

woutd be 201 o6 the e.&t'rwated $1,140,000.00 oit $230,000.00.

It iA wideuvtood that thiA tetteA iA not a 6o~.IAmt binding docement.

si Aetq youiL

F~'tone. R~. Stetkweoicz V

FRS:hm



TATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS

HISTORICAL PRESERVATION COMMISSION
Old State House
150 Benefit Street
Providence, R. 1. 02903
(401) 277-2678

5 April 1977

Mr. Joseph L. Ignazio, Chief
Planning Division
Army Corps of Engineers
New England Division
424 Trapelo Road
Waltham, Mass. 02154 RE: NEDPL-R: Berkeley Industrial

Park, Cumberland, R.I.
Dear Mr. Ignazio:

Thank you for the large scale plans and aerial photos of the Berkeley
Industrial Park protection project provided with your letter of 17 February.
They were a great help to our staff.

We have re-examined the project, and have concluded that the effect of
the dike and other improvements upon the Blackstone Canal (entered on the
National Register of Historic Places) will be twofold: visual and physical.

1. Visual effect: The eastern river bank improvements will have a
visual effect on the Blackstone Canal, but the effect will be non-adverse
due to sightlines, the fact that the towpath provides some screening be-
tween the canal and the eastern river bank, and the fact that the views
from the canal are already compromised by the industrial park which the
project is designed to protect. The dike and wall will in fact help screen
the industrial park from view.

2. Physical effect: The alteration to the eastern river bank will
probably have a physical effect on the canal, but the effect is impossible
to evaluate without further information from the Army Corps. Although we
have been assured verbally by your office that the increase in flow and
height due to the improvements will be too small to measure, it still seems
unreasonable to assume that containing the flood on one side of the channel
will have no effect on the other. I would appreciate a more thorough analy-
sis from the Corps concerning possible scouring action or other long term
effects caused by the improvements (during both normal and flood times) which
may lead to accelerated deterioration of the western bank, and hence the
towpath.

The continued integrity of the Blackstone Canal is of great importance
to us. Long neglected, interest in the canal is now increasing among the
communities bordering it, and among various state and federal planning agen-
cies. The canal will be the subject of a major conference in May (the Corps
is being invited to participate), and we are hoping to discuss the possibility
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Mr. Joseph L. Ignazio Page 2 5 April 1977

of a linear park incorporating the canal. The National Park Service, inter-
ested in the creation of urban linear parks, visited the canal last fall as
a candidate for national park designation.

Please let us know if you have any questions or require further infor-
mation.

Yours truly,

Frederick C. Williamson
State Historic Preservation Officer

FCW/ekh

cc' Mr. Tannenbaum
Mr. Klyberg



/E STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS

HISTORICAL PRESERVATION COMMISSION
Old State House
150 Benefit Street
Providence, R. 1. 02903
(401) 277-2678

February 2, 1977

Mr. Joseph L. Ignazio, Chief
Planning Division
Army Corps of Engineers
New England Division
424 Trapelo Road
Waltham, Mass. 02154

RE: NEDPL-R-Berkeley
Industrial Park,
Cumberland, R.I.

Dear Mr. Ignazio:

We have reviewed the plans and specs for the above
project as provided with your letter of 4 January,
1977.

The proposed work will have an effect, possibly
adverse, on the adjacent Blackstone Canal Historic
District, which is listed on the National Register of
Historic Places. An exact determination of effect
will require further study on our part, as well as
additional information from the Corps.

The small maps and plans sent with your request for
a determination were unfortunately illegible. We
would like to receive clear, large scale maps and plans
which show the following:

1. Precise location and extent of dikes, retain-
ing walls and other structures;

2. Current allignment of river banks vs. pro-
posed allignment;

3. Typical cross sections through the river,
canal and portions of the proposed dikes
and walls;

4. Relation of the canal to the river in the
project area.
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In addition, we would like to know what provisions
are being made for preventing deterioration of the
western bank of the Blackstone River and of the
Blackstone Canal due to increased flow and water
velocity as a result of this project.

ours tuly,

Frederick C. Williamson
State Historic Preservation Officer

FCW/mm

cc: Jordan Tannenbaum



STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS

Department of Natural Resources
DIVISION OF FISH AND WILDLIFE
Box 37
West Kingston, R. 1. 02892

April 16, 1976

Mr. Del Kidd
Army Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Mr. Kidd:

This letter Is in response to your request for information
on the Blackstone River in the Ashton - Pawtucket area.

The Blackstone River watershed in Rhode Island was surveyed
for fish population and limited chemical-Dhysical parameters.
Rotenone and seine nets were used in sampling the fish pop-
ulation. Because of a rather high turbidity, quantitive de-
terminations of the fish population were not possible. Three
stations were sampled between Albion and Lonsdale. Few spec-
ies were found, and the total numbers of fish collected
were low. Also, most fish observed, or collected, were juven-
iles. Several white suckers, dead from unknown causes, were
found on the shore prior to sampling operations.

Following, is a list of fish collections at three sampling.
stations.

Location Date Species

Albion 7/23/76 Small population of goldfish, com-
mon sunfish, brown bullhead, whitesuckers.

Berkeley 7/23/75 As above, several dead white suckers
(Luveniles) observed

Lonsdale 8/03/74 Common sunfish, brown bullhead,
(New Pond) largemouth bass.

Water chemistry was limited to the common determinations of pH,
dissolved oxygen, total alkalinity, and chloride. Each station
was sampled on only one occasion; consequently, periodic varia-
tions in dissolved oxygen, or other parameters, were not'determ-
ined. Water chemistry was taken mid-day. Lower oxygen values
may be expected at daybreak and, somewhat, higher values would
occur in late afternoon.
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Water Chemistry

Temp. pH D.O.(ppm) Alkalinity Chloride
Air/H20

Albion 7-23-75 820/750 7.0 5.0 15 45

Berkeley 7-25-75 780/740 6.9 5.5 17 45

Lonsdale 8-3-74 820/760 6.8 4.7 18 60
(New Pond)

The sparse fish population and comparatively low oxgen values indicate
that the main Blackstone River Is marginal habitat for fish life.

During the same sampling peftod, dissolved oxygen determinations in
cleaner tributary streams of the Blackstone system were in the range
of 6.5 to 8.0 ppm.

We regret that time and monetary limitations did not permit continuous,
long term monitoring of water quality. However, if you have specific
questions, we will do our best to answer them.

Sincerely yours,

Richard C. GuthrieSr.Pisheries Biologist

RCG :dJd
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S TATE OF RHODE ISLAND AND) PROVIDENCE PLANTrATIONS

DEPAR I',IENT OF I {EAL1H
IDda\iS StrLet

Providence, R.I. 0290A

14 December 1976

Mr. Joseph L. Ignazio, Chief
Planning Division
Department of the Army
Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Mr. Ignazio:

This office has reviewed the flood control
project proposed by the Corps of Engineers for the
Berkeley Industrial Park in Cumberland, Rhode Island.
In our opinion, the project as proposed will not
effect water quality of the Blackstone River.

Cordially,

Pearce M. lazer
Principal Sanitary Engineer
Division of Water Pollution

Control
Department of Health

PMK:nab
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